SA 


ENGINEERING NEWS 


A Journat or Civit, Mecuanicat, MIniInG AND ELEcTRICAL ENGINEERING 


Vol... No. 24. 220 Broadway, New York, June 14, 1906. 
‘TABLE OF CONTENTS. 
Page. Page 
LEADING RTICLES A Reinforced Concrete Locomotive Coaling Station of Unusual Construction 
Failut a Steel Elevator at Fort William, Ont. (illustrated); J. A. M.... 643 on the Lehigh Valley Railroad (illustrated); W. E. Phelps........... oa ee 
Mr “J Fr. Wallace’s Statement in Reply to Secretary Taft................. GAT The Launch of the Largest Vessel Ever Built—The Heat Problem in the New 
Block Interlocking Signals in the — Zone of the New York Cen- York Subway—Why Is the Tunnel Under Murray Hill Cooler Than the Rest 
648 the Subway ?—Will Other Electric Tunnel Lines Now Under Construction 
ave Trouble from Heat?—Free Alcohol for Use in the Arts 
of Fire Underwriters’ Committee of. Twenty... the Cost of Centering and Forms in Reinforced Concrete Building 
Some s on the Los Angeles Outfall Sewer; W. P. Hardesty................ Stee 
Allow Unit Loads on Knife Edges for Testing Machines and Heavy Weigh- LETTERS TO THE EDITOR as easees ee 
ae ea ales; Jos. W. Bramwell .............. 653 Relatives Concrete Piles at the Atlanta Terminal Station: R. Baffrey—Rein- 
orced Concrete Arch Culvert Design; B. F. Beckman—A Convenient Method 
Brake Peams ‘tor 60,000, — Cars 653 of Finding Square and Cube Roots: H. E. Eckles—A Method of Designing 
More Lessons from the —. a dl ustrated); J. H. G. Wolf Reinforced Concrete Columns; E. P. Goodrich, Edward Godfrey, ‘‘Enei 
Tar-Paved Threatened Change in the Channel of the Missouri River at the 
‘ost ping on WOPrKS, WaldO Blai Brid », Nebraska: Gus. C. > j 
the Wear of Driving Wheel Flanges on Sharp Curves (illustrated).. 658 ENGINEERING NEWS OF THE WEEK.“ O07 


FAILURE OF A STEEL ELEVATOR AT FORT 
WILLIAM, ONT. 


By J. A. M. 


A great steel-tank grain elevator, at Fort Will- 
iam, Ont., belonging to the Ogilvie Flour Mills 
Co., failed on the night of May 26, by sliding for- 
ward into the Kaministiquia River, beside which 
it was erected. The failure occurred without 
warning, but the only man who was in the build- 
ing at the time escaped without injury. The 
elevator structure was built in 1904 by the Mc- 
Donald Engineering Co., of Chicago, at an esti- 
mated cost of $300,000. Its capacity was 500,000 
bushels, and about 380,000 bushels were in the 
tank when the failure occurred, of which about 
150,000 bushels were discharged into the river. 


sue of May 31. The present article supplements 
these previous articles with a description in de- 
tail of the novel and the more important struc- 
tural features, of the transmission and distribu- 
tion system. 

GENERAL DESCRIPTION. 

The first duty of the Long Island City power 
station of the Pennsylvania Railroad Company 
has been to supply power for operating the 
suburban lines of the Long Island R. R. This 
supply and distribution of power is by means of 
a high tension three-phase transmission line 
which carries current at 11,000 volts to six ro- 
tary converter substations. Direct current feed- 
ers go out from these substations to the conduct- 
or rail, feeding it at numerous points on each 
division. The high tension transmission line is 


VIEW BEFORE FAILURE. 


It is evident that wooden poles are virtually pro- 
hibited by these requirements. Where the trans- 
mission line branches from the end of the trunk, 
however, no single line will contain more than 
two three-phase circuits and four low tension 
feeders, and for this service wooden poles were 
thought to be adequate. This includes the line 
along the five-mile trestle across Jamaica Bay, 
where creosoted yellow pine poles, 60 to SO ft. 
long, sunk by water-jet into the bay and braced 
to the trestle, are used. Except on this trestle, 
all wooden poles are of chestnut. The total of 
the overhead transmission line includes 377 steel 
poles, 490 chestnut poles and 264 creosoted yel- 
low pine poles. 

The six substations above mentioned are fixed 
structures supplying power continuously. At two 
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STEEL TANK ELEVATOR OF THE OGILVIE FLOUR MILLS CO. AT FORT WILLIAM, ONT. 


The machinery was not running at the time of 
the failure. 

The structure covered a ground area of 80 by 
‘4 ft. and the tanks were 85 ft. deep. It was 
carried on piles spaced 3 ft. c. to c. and driven 
35 ft. to bedrock. These were capped with a re- 
inforced conerete footing course. The fallen 
structure has moved about 45 ft. from its former 
position and the tanks are now resting on the 
bottom in 26 ft. of water. 


TRANSMISSION AND DISTRIBUTION SYSTEM, LONG 
ISLAND R. R. 

In our issue of Nov. 2, 1905, we outlined the pro- 
posed electrie traction lines of the Long Island 
> i. and gave a general description of the power 
Pant and sub-stations and of the distribution 


aystem and train equipment provided for their 
*peration. A more detailed description of the 
power 


station construction was given in our is- 


mainly overhead (26.19 miles) but certain por- 
tions within the densely populated sections of 
Brooklyn and Queens Boroughs are underground 
conduit lines (9.09 miles). Both the overhead 
and the underground sections are of unusually 
substantial design and exhibit a number of points 
of novelty. The trunk portion of the overhead 
transmission line is carried on steel columns 
which were chosen not so much for their dura- 
bility as because the weight of the transmission 
lines in these portions considerably exceeded what 
was thought allowable for wooden poles. This main 
portion of the line comprises eight three-phase 
circuits, each consisting of three 250,000 c. m. 
cables and eight low tension feeder cables each 
500,000 c. m. in cross-section, the latter being 
carried below the high tension lines. It was re- 
quired to carry these circuits at such a height 
that the lowest wire would be not less than 25 ft. 
above the ground, and this in turn required the 
poles to be from 39 to 54 ft. long above ground. 


points of the system, large race tracks, which 
draw a very heavy attendance during a short 
summer season, place very large temporary loads 
on the system. To supply the power for this 
without installing the large additional equipment 
of machinery required to furnish it from a fixed 
substation, two portable substations have been 
provided and suitable sheds for them have been 
built at the two race tracks. The sheds are equip- 
ped with fixed leads from the transmission line 
and feeders to the third rail of the track. To sup- 
ply power, the portable substation car is run into 
the shed connected by jumpers to the high ten- 
sion and low tension leads respectively, and put 
into operation in the same way as a fixed sub- 
station. So much for the general arrangement; 
the principal structural details will now be con- 
sidered. 

UNDERGROUND LINE CONSTRUCTION. 

As previously stated, something over nine miles 
of the transmission line is underground line. The 
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VIEW OF TRACK, SHOWING ARRANGEMENT OF THIRD RAIL AT SWITCHES AND CROSS-OVERS. 


little that is out 
For the greater portion of the 
line single vitrified clay ducts 18 ins. long, with 
3''/se-in. square and *%4-in. walls, are laid 
to break cement mortar and = ar- 
ranged three wide and six high, the whole being 
embedded in For the remainder of 
the line ducts 36 long are used. 
The lines of ducts are provided with the usual 
manholes located generally 400 ft. apart. Prac- 
tically the only novel feature of the work is the 
provision for drainage; considerable lengths of 
the conduit located below ground water 
and in these portions the manholes are 
connected by a line of 8-in. sewer pipe laid be- 
neath the ducts and entering the manholes about 
18 ins. from the bottom, thus forming a catch 
basin to prevent silt or other foreign matter from 
getting into and clogging the pipe. This con- 
duit line is so pitched as to bring all the drain- 
age into three sumps, one located at the power 
station, one about one-half mile from it, and the 
third near the Dutch Kills St. end of the conduit 
line. These sumps are kept pumped out by elec- 
trically submerged centrifugal pumps, 
automatically controlled and discharging into 
the city sewer system. 

In the conduits there are in all about 25 miles 
of high tension underground cables and in ad- 
dition 0.418 mile of armored submarine cable 
under Jamaica The submarine cable only 
mention, because of the 
The cables were laid across 
the channel and allowed to settle to the bottom. 
A diver then them so that they were 
properly separated, and they were sunk into the 
mud by means of a-water-jet, supplied by pumps 
at 100 Ibs By means of this jet, the 
diver was able to scour out a trench wide enough 
cables, 4 ft. bottom 
This method of installation was 
dredging because of the difficulty 
would have been encountered in attempt- 
ing to dredge the trench through the fender piles 
on either side, and because of the rapid current 
through the channels, which would fill with sand 


conduit construction involves 


of the ordinary. 
holes 


joints in 


concrete. 


four-way ins. 


were 
level, 


driven 


Bay. 
particular 
method of laying it. 


calls for 


arranged 


pressure, 
to contain the below the 
of the channel. 
preferred to 
which 


after excava- 
tion, unless the cables should be laid during the 
dredging process, which was Obviously imprac- 


a trench so dredged immediately 


ticable. 
OVERHEAD LINE CONSTRUCTION. 

The general character of the overhead line 
construction has been mentioned in the preceding 
paragraphs. The points of particular interest are 
the steel pole construction, and the insulator pins 
and insulators. 

STEEL POLES.—tThe steel poles are built of 
four corner angles connected together by angles 


and plates forming a lattice type of construction. 
They are tapered uniformly to the top on two 
sides and to within about 714 ft. of the top on 
the other two sides, the taper being %-in. per 
foot. This taper is uniform to the bottom of the 
pole and is the same for all lengths of poles. 
The tops are in every case 6 by 11 ins. At the 
bottom the corner angles are tied to a base com- 
posed of plates and channels through the corners 
of which the four anchor bolts pass. This forms 
a sort of box construction around the base of the 
pole and greatly increases its stiffness and sta- 
bility. This type of construction enables a foun- 
dation to be built and the anchor bolts set at 
any convenient time independent of the delivery 
of the poles. This permits the most desirable 
degree of flexibility in the organization of the 
pole setting force, thus dividing it into practically 


two separate gangs, neither of which is hamp- ~ 


ered by the movements of the other. 
The standard poles are made in four lengths, 
increasing by 5 ft., from 39 ft. to 54 ft. in length, 


the 39-ft. pole being the standarj q 

lengths being only used where 

account of the above mentioned 

the sizes of the bases vary from 331, gi q : 

4% by 5 ft., depending on the height 

The foundations are therefore 

cordingly. From a detailed survey q 

the length and the location of every 

termined upon before construction a 

every foundation built to fit the siz 

signed to that particular location, 
The poles are designed to 

pressure at right angles to the line 

ing to a wind velocity of 100 mil : 

This was calculated from data obts 

Berlin Zossen high speed railway | 

showed the pressure on a flat surfa: 

wind velocity of 100 miles per hour | 

27 Ibs. per sq. ft., which applies to 1) 

faces of poles and cross-arms. For t} 

area of cylindrical one-} 

value, or 


Withst 


conductors, 
1314 Ibs. sq. ft. 
for the above wind velocity. 


was the 


For standard straight line poles, Fj 
out side strains other 
corner angles are 3 x 3 x *% ins. For 
Strains at curves and corners, the ¢ 
sign of the poles is the same, but the, 
greater strength by using heavier co: 

The design of the curve poles was 
pendent on the distance by which the 
is offset from a straight line joining th: 
on either side of it. For offsets up tv 
corner angles of the pole construction She 
3 xX Vie ins., while the offsets between 6 | nd 10 
ft. the corner angles are 3% x 3 x 14 in 

The foregoing types of pole are each signed 
in the four lengths. By reason of th 
taper, an extra length does not result 
crease of the size of the corner angles 
in the enlarged dimensions of the bx P 
moment of resistance at the base being thereby 
increased in proportion to the height of the pol 

Besides, the standard poles above 
designed to meet the ordinary condit a 
extra heavy pole was designed in thre« zths 
This type is called the strain pole and is used 
for offsets up to 32% ft., for turning s! ! 
ners or for anchoring the line at special! points 
These poles are similar in design to the siandard 
poles, but the taper is uniformly increased t 
14 in. to the foot, and all four sides taper uni- 
formly all the way to the top, which is S'. by Ll 
ins. The base of the 41-ft. pole is about 5 ft 


than wind pr 


VIEW OF SECTION OF TRANSMISSION LINE, SHOWING STEEL POLES. 
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quare t of the 51-ft. pole being about 5 ft. 
square, 


5 ft. 11% ins. The corner angles of 
, poles are 4 by 4 by ‘/1e ins. 


ins 


a poles are designed to withstand the 
ade - <« on 150 ft. spans due to the offsets 
shove ified. For greater offsets the length 
> st shortened. At all sharp turns, three 


Side 
Elevation. 


End Elevation. 
Fig. 1. Top of Steel Transmission Line Pole. 


poles of the heavy strain type are used, two to 
take the longitudinal strains and guyed back to 
the base of the middle pole, which takes the side 
strains due to the offset. 

The three first-mentioned standard types of 
poles were designed to take the necessary side 
strains without guying. The longitudinal strains 
due to anchoring the lines are so great, however, 
that the strain poles used for anchorage are 
guyed fore and aft to the bases of the adjacent 
poles with ‘/is-in galvanized steel cable. On some 
sharp curves the poles were guyed laterally as 
an additional precaution, using ‘/1-in. guy cable 
and Stombaugh guy anchors. 

The construction of the steel pole includes angle 
iron seats for the cross-arms which pass through 
the pole structure, the weight of the cables hold- 
ing the cross-arm down on the seats and re- 
quiring only the simplest type of fastening, which 
consists of two %4-in. “U” bolts, which clamps the 
cross-arms immovably to its seat. The use of 
the ordinary type of cross-arm brace is rendered 
unnecessary. The ability of the steel pole to act 
as a lightning rod is turned to advantage, and 
each pole is thoroughly grounded to a copper 
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plate buried beneath the foundation and con- 
nected to one of the anchor bolts by a copper wire. 

The poles were transported from the steel 
works without “knocking down,” and were erected 
whole upon their foundations with the aid of a 
gin pole. After erection, cement grout was run 
underneath the base and the pole permanently 
set by tightening the foundation bolts. There 
are now in position in the line 358 of the standard 
straight line and curve poles and 19 of the heavier 
type of strain poles. 

The size of the concrete foundation varies 
with the height and character of the pole. For 
the straight line pole the dimensions are 4% to 
5 ft. square, averaging S ft. deep, with 1-in. 
anchor bolts. For the curve poles, the founda- 
tions averaging from 414 x 6 to 5% x 7 ft. 3 ins. 
on the side faces, with a depth of between 7 ft. 
9 ins. to 8 ft. 9 ins., and employing 1%-in. anchor 
bolts. Strain pole foundations are from 7 to 8 
ft. square, and from 9 to 10 ft. deep, and em- 
ploy 1%-in. anchor bolts. The tops of founda- 
tions are usually about 9 ins. above the ground 
level. After the poles were all set and the line 
construction entirely completed, the box-shaped 
bases of all the steel poles were filled with con- 
crete, brought up to a pyramidal form, as shown 
in the pole drawings. 

WOODEN POLES.—The wooden poles are of 
two kinds: chestnut, which is the standard for 
ordinary work, and creosoted yellow pine, which 
is used only along the trestle over Jamaica Bay. 
The chestnut poles are 45, 5) and 55 ft. in length 
and 25 ins. in circumference at the top. The 
creosoted poles are from 60 to SO ft. long, with 
the same dimensions at the top, and treated with 
15 lbs. of dead oil of coal tar per cu. ft. of tim- 
ber. Creosoted poles are all set 15 ft. into the 
bottom of the bay by means of a water-jet. They 
are all set so as to have the tops 30 ft. above 
the rails. 

This method of pole construction along the 
trestle was adopted only after a most careful 
consideration of various ways that were proposed 
for carrying a line acros the bay. <A separate 
trestle carrying a line of conduits made up as 
when laid in a trench was found too expensive. 
A pole line directly supported on the existing 
trestle would not afford the necessary clearance 
from traffic. Various plans were made for driv- 
ing piles alongside the trestle and then splicing 
transmission poles to them, but even this con- 
struction, though practicable, does not compare 
in simplicity or durability with the long pole in 
one piece, which by the aid of a water-jet can 
be driven down into the mud butt first, instead 
of being treated as an ordinary pile, and driven 
point first. 


This portion of the line is exposed in winter to 
a very severe strain due to the movement of the 
ice with the tide. The poles were set during a 
very severe winter, and the strains due to the 
ice were at times sufficiently great to cause the 
trestle to be moved out of line in places, but the 
poles set as above described successfully with- 
stood the action of the ice. For a large part of 
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this distance the trestle runs across a series of 
low islands which are covered with water at high 
tide only, so that it was difficult to reach them 
during construction, but with very few excep- 
tions the poles were set by a floating pile-driving 
apparatus without going on the trestle or inter- 
fering with train operation. The total number 
of steel poles employed is 877, of chestnut poles 
490 and of creosoted yellow pine poles 24. 
CROSS-ARMS.—The cross-arms are of yellow 
pine, 5 x 6 ins. cross section, housed on top to 


a l2-in. radius, and they are painted with one 
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Fig. 2. Strain Insulators for Transmission Line 
Cables. 


eoat of asphaltum paint. The method of attach- 
ing them to the steel poles has already been de- 
scribed. On the wooden poles they are gained 1 
in. into the pole and held by one ‘%-in through 
bolt with 2-in. square washers. Bracing, though 
unnecessary on the steel poles, was effected in 
the case of wooden poles by angle iron braces 
made in one piece of 2 x 2 x \4-in. angle bent 
into V-shape. For standard steel poles the arms 
are 7 and 9 ft. long. For steel strain poles, they 
are 7 ft. 10 ins. and 10 ft. 6 ins. 

PINS.—The insulator pins consist of malleable 
iron castings clamped to the cross-arms by means 
of U-bolts threaded through the body of the pin, 
and held by a plate fitting over the U-bolts and 
against the cross-arm. This type was first used 
on this transmission line and represents a new 
departure in pin design, inasmuch as by its use 
all boring of the cross-arm is avoided. The 
strength of the cross-arm is maintained and the 
depreciation resulting from entrance of moisture 
through holes bored in the arm from top to bot- 
tom is obviated. The form of pin used is also 
of much greater strength than is possessed by 
a pin in which the bending moment where it 
enters the arm has to be met by small cylin- 
drical cross section, which in case of the iron 
pin is sometimes not more than % in. in diameter, 
and in a wooden pin 1% ins. to 2 ins. The strong- 
est part of this pin is at the base where it joins 
the cross-arm. It admits of easily following up 
any shrinkage of the cross-arm (which cannot 
be done in a pin which is set in a hole in the 
cross-arm), as all that is necessary, if the pin 
comes loose, is to tighten up the nuts on the 
underside of the clevis. 

INSULATORS.—The straight line insulators 
are 6% ins. in diameter and 5 ins. high, made of 
porcelain in two parts connected together. The 
insulators are colored with a brown glaze to ren- 
der them less conspicuous. “They are designed 
particularly for the conditions here imposed. The 
pin and insulator together carry a 250,000 c. m. 
cable 614 ins. above the cross-arm. The ties are 
made of ordinary soft copper wire, tied on top. 
The tests to which the insulators were subjected 
at the factory include a rain test of 30,000 volts 
and a salt water flash test of 50,000 volts for two 
minutes. The insulators were further obliged to 
pass the test of plunging them into hot water 
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and then into ice water without cracking. After 
the insulators were erected and the cables strung 
upon them ready for operation they were tested 
by applying 30,000 volts between the conductor 
and the ground for four minutes. The insula- 
tors underwent all these tests successfully. 

The strain insulators are of the “spool” type 
and made in one piece 7% ins. in diameter and 
8 ins. high. Each strain insulator has two petti- 
coats, one above and one below the point where 
the wire is attached. A 1%-in. by 12-in. steel 
pin is cemented in the center of the insulator, 
and this steel pin rests in sockets at the top and 
bottom, which are firmly clamped by U-bolts to 
the cross-arms. This obviates the boring of 
arms, and thus preserves consistency with the 
design of the straight line insulator pins. The 
drawing in Fig. 2 illustrates the method of at- 
tachment. 

The insulators were cemented on to the pins 
before erection. The cement used throughout was 
composed of litharge moistened with a mixture 
of glycerine and water. This type of cement was 
found after careful trials to be preferable to 
Portland cement, and although the materials 
were more expensive, it was found that the labor 
cost of doing the cementing and the risk of break- 
age were so much less as to more than counter- 
balance the extra cost of material. The steel 
bolts that constitute the pins upon the strain 
insulators were cemented in the same manner. 
The pin was first wrapped with lead foil to pre- 
vent cracking due to possible expansion of the 
pin. 

TYPE OF THIRD RAIL CONSTRUCTION.— 
In the selection of the general type of third rail 
construction, the requirements were that both 
the rail and the contact device must be suitable 
for collecting heavy currents at any speed; the 


ditions. It was also desired to settle upon a 
standard form and location of rail that would 
permit a free interchange of ordinary passenger 
and freight equipment between the Long Island 
R. R. and other roads in the vicinity. 

A study of the equipment clearances (Fig. 3) 
pointed to the necessity of locating the third rail 
with its gage line 26 ins. from the inside of the 
gage line of the running rail and its top at a 
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Fig. 5. Standard Wooden Side Approach Block 
Construction. 


height of 3% ins. above the top of the track rail. 
After considering a great variety of designs, both 
of rails and contact shoes, it was decided to 
adopt the top contact type which is now almost 
universally employed. In order to best combine 
the qualities affording protection to employees 
and immunity to weather troubles, it was de- 
cided to provide a horizontal type of guard ex- 
tending directly over the rail, requiring the use 
of the slipper type of contact shoe. With this 
type of contact rail, a tee section was naturally 
adopted on account of its stability. The loca- 
tion of the contact rail with reference to the track 
was also governed by the fact that it could not 
be placed much farther away from the track rail 


unning Rail 
ai 
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The rail is supported every 10 ft. . 
clay insulators set on extra long ties 
sulator (Fig. 3) consists of a cylindri: 
vitrified clay with a beveled flange pr. 
the base and a 2-in. hole through th; 
aid in manufacture. A malleable iron 
ing two projecting lugs and holes in 
for lag screws, fits over the flange at 
the insulator, two lag screws being u- 
ten it to the tie. Resting on top of ; 
tor is a malleable iron cap which proj 
over it for a distance of 1% in. and has 
1% ins. long projecting upwards. The 
on top of the cap between the ears. 
type of insulator, no vertical strain c¢ 
it due to the sagging of the tie wh 
passes, as the rail is in no way di 
tached to it. The design also facilitat: 
moval of broken insulators, as the wh 
may be removed by taking out two I, 
in the base. There being four differe: t 
running rails and three sizes of third 
dimensions of the insulators are made 
sizes to suit the conditions. Two of | 
6 ins. in diameter and 3% ins. and 5'/. j ue h: 
respectively, the other being 414 ins. in 
and 3% ins. high, but of the same gene: rm 
In this way the proper height of third r Ve de 
the running rail is maintained. te 

The end approach blocks and incline f ting a 
the third rail shoes are of cast iron. Two 
are used, one being 5% ft. long and used in \ 
line tracks, where the shoes must be r:i nd tl 
lowered at high speed; while the other, 
2% ft. in length, is used only on spur tr d " 
sidings. The approach blocks are atta: 1 to 
the end of the rails by the regular spli F 
and are supported on standard third r: e fi 
lators at their outer ends. The general design 1 
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FIG. 4. STANDARD ARRANGEMENT OF THIRD RAIL CONNECTING CABLES AT PUBLIC CROSSINGS. 


rail must be so placed as to encroach as little as 
possible beyond the fixed clearances of the per- 
manent way, and it must clear all forms of 
equipment in general use on the road. The de- 
sign of mounting must be mechanically stable, 
and besides including good insulation must pro- 
vide a reasonable degree of protection to em- 
ployees against accidental contact and be proof 
against interruption of service by weather con- 


without interfering with bridge gussets and other 
fixed objects, while if placed higher the guard 
would be interfered with by 50-ton hopper bot- 
tom steel coal cars when heavily loaded. 

The rail used for most of the conductor line 
is a T-rail 4 ins. high, 3-in. head and 6-in. base, 
weighing 100 lbs. per yard. The rail is rolled 
from extra soft steel, in 33 ft. lengths and con- 
nected up by four-hole splice bars. 


and arrangement of the approach blocks in }- 
sition is shown by Fig. 8. The side appr: 
blocks used at switches are of wood, and 
chosen in preference to metal blocks because 
blocks must project several inches sidewise !! 
the third rail beyond the guard, exposing tra <- 
men to danger if made of metal. The woo 


block consists of a piece of maple 1% ins. t' . 
and 5 ins. wide, sét at an angle of about 45° ©» 
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the rail, as shown in Fig. 5. This 
vod is about 14 ft. long and is nailed 


the 
ul 


; " blocks which are set against the web 
- th spaced at intervals of 2 ft. A */is-in. x 
1-in strap, which fits into the block, holds 
it sé y in place, being fastened underneath 
the f ¢ the rail, and clinched over it, thereby 
avoi irilled holes and unnecessary expense. 
The approach blocks, although subjected to 
seve! rvice, demonstrated their durability. 
T ird rail joints have laminated copper 
foot is with plug terminals. At highway 
and r public crossings, where the third 
rail to interrupted, underground 
ju cables are installed. Fig. 4 shows 
: ndard arrangement of running and 
ce ng up the jumper cables. The ends of 
es come to the surface through curved 


on pipes fitted with regular conduit bush- 
i extending about 6 ins. above the sur- 
The ends of the conductors 


the ground. 


re ected to the third rail by having sweated 
upon them special brass terminal lugs, each lug 
having sockets for four 400,000 c. m. flexible 
cable Short cable bonds each with a copper 
»lug terminal drop forged on one end, are sol- 
ie | into the socket, and after pigtailing these 
terminals to provide flexibility the plug terminals 
ape compressed into holes in the base of the 
rai ‘he number of bonds used in each case 


with the size of the cable, being four for 
the 2,000,000 e. m. cable, two for 1,000,000 c. m 
and one for the 500,000 c. m. cable, in 
which case the bond is soldered by means of an 
ordinary sleeve connection to the cables. 

The Stilwell-Slater type of guard was adopted 
for the third rail; it consists of yellow pine plank 
17 ins. thick, 7 ins. wide, placed above the rail 
with 244 in. clear space between the top of the 
rail and the under side of the plank. The edge 
of the plank nearest the track extends % in. be- 
yond the line of the third rail head, and is 
beveled back to give the necessary clearance for 
running equipment. Each plank has a saw cut 
% in. deep in the middle of the underside to pre- 
vent warping. The planks vary in length from 
14 to 16 ft. The guard is supported directly from 
the third rail, there being four supports to each 
plank. The planks are butted together without 
splicing so as not to interfere with the free ex- 
pansion and contraction of the rail and to facili- 
tate repairs. Fig. 7 shows the guard in complete 
de The supports consist of upright posts of 
oak and chestnut 1% ins. x 3% ins. x 11 ins. 
long carrying on top a malleable iron cap which 
fits down over the top of the post and held to it 
by a carriage bolt. This cap has a projecting 
bracket against the under side, of which the 
guard plank is fastened by two carriage bolts 
with heads countersunk on the underside of the 
plank. One of the bolt holes in the iron cap is 
slotted transversely so that the plank may not 
split by shrinkage. The wooden post is carried on 
a malleable iron casting which fits closely against 
the web and around the bottom flange of the 
third rail so that a single hook bolt engaging 
with and passing under the bottom flange of the 
rail clamps the guard post firmly to it. 

Additional protection is provided for the third 

stations. This consists of a yellow pine 

ip 4 ins. wide and 1% ins. thick set at an 
of about 45° with the rail and almost com- 
pletely covering the side of it. This strip 
is nailed to wooden blocks fastened to the 
ff the rail in a manner similar to that used 
© side approach blocks. Where necessary 
ide guard is placed on both sides of the 
rail, thus reducing the chance of work- 
coming in contact with them. At station 
rms protection is also provided against car 
Shoe whether there is a third rail close to the 
¢ ff the platform or not. This protection con- 
f a2 T-in. yellow pine plank supported 
illeable iron castings, the top being nearly 
level with the platform. These castings 
on the ties and are spaced 6 ft. apart. This 


~ | is so, located that there is plenty of room 
neath for the third rail shoes. 

e design and construction of the transmis- 
syStem was carried out by Westinghouse, 


Church, Kerr & Co. and the entire work was 
under the direction of Mr. George Gibbs, Chief 
Engineer of Electric Traction of the Long Island 
Railroad, subject to the approval of an Electrical 
Committee, consisting of the chief operating of- 
ficials of the road, with the President 
man. 


as Chair- 


MR. JOHN F, WALLACE’S STATEMENT IN REPLY TO 
SECRETARY TAFT. 


In our issue of March 1 we published an extend- 
ed abstract of Mr. Wallace’s statement before the 
Senate Committee relating to the circumstances 
of his separation from the canal enterprise, in the 
course of which statements were made reflecting 
on Secretary Taft and Messrs Shonts and Crom- 
well. In a more recent issue (May 10) we pub- 
lished Secretary Taft's statement to the Senate 
Committee regarding these and other matters. 

Mr. Wallace has now submitted to the Senate 
Committee a rejoinder to Secretary Taft's state- 
ment, and we take from it the following extracts: 


I first desire to call attention to the fact that under 
date of June 11, 1905, Governor Magoon (in the letter 
quoted by Secretary Taft) advised Secretary Taft that 


he, Magoon, could ‘‘not escape the conviction that Wal- 
lace is trying to ‘pull off’ a carefully-contrived coup 
d'etat.’’ Two days later, under date of June 13th, Gov- 
ernor Magoon again advised Secretary Taft that he, 
Magoon, was “‘inclined to think I judged Wallace too 
harshly in concluding that he was attempting to ‘squeeze’ 


you.’’ And nine days later Governor Magoon furnished 
still another version of his impressions, stating ‘‘that 
Wallace is not attempting a ‘squeeze,’ but honestly 


thinks he is entitled to supreme place and power,"’ and 
added: ‘‘He asked me to telegraph Secretary advising his 
retention on Commission as one of the four engineer 
members. I will comply, believing retention advisable."’ 

From the testimony of Secretary Taft it wou!d seem that 
he prejudged my motive on inaccurate and ex-parte sta‘e- 
ments, particularly the first letter of Governor Magoon’s. 

It is submitted that the letters and of Gov- 
ernor Magoon show that he was not pusitive in his own 
mind at that time as to my contemplated action or mo- 
tives therefor. It is needless to add that the impressions 
he claims to have received were never intended to be 
conveyed by me, and that his recollection of the 
views is, to say the least, quite misleading. 

Governor Magoon, in our conversation on the Isthmus, 
himself suggested to me that I should request Secretary 
Taft to appoint me Chairman of the Commission, adding 
that Secretary Taft, when selected member of the 
Philippine Commission, had refused to serve 
at the head of the sitating the with- 
drawal of the name of another as chairman, and that he 
Magoon, believed under the circumstances such a propo- 
sition would appeal to him. I replied that I would 
make no demands upon Secretary Taft, that Mr. Shonts 
was my personal friend, and that I much preferred, as 
Governor Magoon admits, going to Mr. Shonts and ‘‘put- 
ting it to him straight."’ I also requested Governor Ma- 
goon to make no suggestions to Secretary Taft, but I note 
from his cablegram to Mr. Cromwell that he was under 
the impression that I desired him to recommend my re- 
tention as an engineer member of the Commission, and 
this despite the fact that Governor Magoon assured me 
he would regard the subject as confidential and give me 
an opportunity of first presenting the matter to Secretary 
Taft in a personal interview. The breach of confidence 
upon the part of Governor Magoon, in advising me to take 
a certain line of action, and then, presuming that such 
advice would be followed, secretly writing to Secretary 
Taft as to what he thought I would probably do, speaks 
for itself. 

Secretary Taft in his testimony before your committee 
characterizes as an untruth the statement made by me 
in my letter addressed to him under date of June 8, 1%, 
that at no other time during the year would the work on 
the Isthmus be in a better condition to permit of my 
absence. This was my judgment on each and every oc- 
casion specified and still is my firm conviction. 

The facts about Mr. Dauchy, Division Engineer at 
Culebra, are the exact contrary of the assertions of Sec- 
retary Taft. Mr. Dauchy has had experience in the 
transportation department of railroad work in addition 
to being Chief Engineer of the Rock Island System (the 
same position afterwards held by Mr. Stevens) and when- 
ever occasion required he was designated on the Isthmus 
as Acting Chief Engineer by me with the full approval 
of the Isthmian Canal Commission. Mr. Dauchy was 
not only perfectly capable of carrying on the work of 
organization, but, in my ‘judgment, he could have easily 
controlled the situation under the improved 
which existed at the time I left the Isthmus, if he had 
not been summarily deprived of the power to do so 
through the actions of Governor Magoon and the authori- 
ties at Washington. He appointed Assistant 
Chief Engineer for the simple that it was not 


telegram 


inter- 


as a 
unless placed 


Commission, nece 


conditions 


was not 
reason 


intended to fill this position by the appointment of any 
one except an engineer fully qualified for the duties of 
the position during the entire construction period of the 
canal. It is true that several high-class assistant en- 
gineers were needed, and every effort was made 
at the time to secure them, and it was my intention to 
personally select these men on my return here, as stated 
in my letter of June 8, 1905, to Secretary Taft. 

The personality of Mr. Shonts had nothing whatever 
to do with my conclusions as to the situation existing, as 
we had been life-long friends, and it was my endeavor to 
have our relationship so continue even after the tender 
of my resignation, and the question of his personality 
was entirely apart from what I could not accept, namely, 
in addition to Mr. Cromwell's domination that of Mr 
Shonts, in accordance with his verbal understanding with 
the authorities in Washington, all of which was contrary 
to the wording and spirit of the executive order defining 
the duties of the Commissioners I fully both 
Mr. Cromwell's and Mr. Shont’s perfect right to accept 
such authority over me, but Secretary Taft weli knew 
that I could not serve in such subordination to 
either of them. 

I wish to reiterate the fact that financial were 
not the cause of my request to be relieved of the work, 
and that my desire for proper authority and non-interfér 
ence with the conduct of the work was not 
sonal ambition, but I 


being 


concede 


both or 


reason 


due to per 
considered such a condition abso 
lutely essential to the speedy and economical completion 
of the canal, and that the power and responsibility should 
be properly united in me or my successor. The principal 
which either in governmental or 
positions, has ever appealed to me has 
fact extent it measured the 
mation of my work in my profession. 

At no time did the thought ever occur to me to ‘“‘hold 
up” Secretary Taft or any one for additional authority or 
compensation, and additional authcrity and compensation 
could only have appealed to me if they had come unsought 
and without solicitation on my part 


sense in salary, civil 
due to the 


public esti 


been 
that to a great 


RAILS 331 FT. LONG were exhibited at the Inter- 
national Exhibition held at Liege, Belgium, in 1905 
These included an 85-lb. grooved girder rail for street 


railway track, 331.28 ft. long, and a 70-Ib 
same length; also a light tee rail 252.56 ft. long, of only 
7 Ibs. per yd., for portable railway track The two 
large rails were each made from a 5%-ton ingot, heated 
1% hours in the soaking pit to insure a uniform tempera- 
ture throughout This was rolled 
mill having blooming and finishing mil 
engine of 10,000 HP.; the rail was rolled in five minutes, 
and was exactly 354.24 ft. long., the ends being cropped 
to make a first-class rail of 331.28 ft Owing to the 
restricted space, the rail, as it passed through the rolls, 
traveled up a steep inclined plane and over the top of a 
two-story building. When the rolling was finished, and 
while the rail was still at a bright red heat, it was at- 
tached to a locomotive which hauled it along the ground 
about 650 ft. to a place where it could be left 
slowly. These rails, as well as two tires 16.4 ft 
were exhibited by the Ougree-Marihaye Co 


tee rail of the 


the mass. in a rolling 


driven by an 


to cool 
diameter, 
, of Belgium. 
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TWO 
Carnegie 


HEAVY ROLLING 
Steel Company, 
heretofore built, are now being constructed at 
Allis Works of the Allis-Chalmers Co., Milwaukee 
The engine frame and slide for the first 
recently cast at the West Allis foundries, 


MILL ENGINES for the 


Sharon, Pa., larger than any 


the West 
engine was 
and was the 


largest and heaviest single piece ever poured in these 
shops. The single piece for frame and slide weighed 
roughly, 105 tons and is designed for an engine whose 


cylinders will measure 
with a stroke of 60 ins. 

The pattern for this single casting measured 32 ft 
long,.11 ft. wide and 10 ft. high, representing the work 
of ten expert pattern makers for a period of over four 
months. The amount of lumber used in its construction 
reached the surprising aggregate of over 22,000 ft The 
pit in which the casting was poured measured 40 ft 
long, 15 ft. wide and 11 ft. deep, and the pouring of the 
1%) tons or more of moulten metal consumed eight to ten 
minutes’ time. Nine ladles, four with a capacity of 25 
tons each, one 13 tons and four 5 tons each, were used 
in the operation. 

Three cranes with a rated aggregate capacity of 145 
tons were used in conjunction to lift the casting from 
its pit, a special tackle being devised so that the lifts 
should be straight upward. The casting, after being de- 
posited beside its pit, was allowed to cool for 15 days 
before the operation of cleaning it was begun. The heat 
still given off after approximately 20 days’ cooling, could 
be felt several feet away from the huge mass. 

In anticipation of the difficulty of handling a piece 
of this size, special cars (Eng. News, May 24, 1906) were 
ordered some months ago. After cleaning, the casting 
was placed upon one of these cars and taken to the Mma- 
chine shop, was placed upon the floor and the 
heavy machine tools used in machining are brought to it. 


50 ins. and 73 ins. in diameter 


where it 
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BLOCK AND INTERLOCKING SIGNALS IN THE ELEC. 
TRICAL ZONE OF THE NEW YORK CENTRAL & 
HUDSON RIVER R. R. 

The plans for block signaling and interlocking 
in the electrical zone of the New York Central 
& Hudson River R. R., at New York City, are 
perhaps the most novel and extensive ever de- 
veloped for an American railway. Both block 
and interlocking work will be all-electric 
operated by current taken from a power line 
running the whole length of the system. All 
track and signal circuits will be operated by 
alternating current; the only batteries to be used 
being storage batteries for the operation of in- 
terlockings, which will be charged by an AC-DC 
motor generator drawing current from the 
power line. In the following paragraphs the 
typical and novel features only of the system 
are described and illustrated, as the extent of 
the work makes a description in reasonable 
space of all even of the more interesting details 
impossible. The description presented is prepared 
from information furnished by the New York 
Central & Hudson River R. R., Mr. W. J. Wilgus, 
M. Am. Soc. C. E., Vice-President. 

DEVELOPMENT OF PLANS.—Track plans 
showing the spacing and arrangement of all 
signals were prepared by the railway company, 
and together with specifications were submitted 
to all of the signal companies capable of handling 
the work. Separate bids were requested for the 
block signaling and the interlocking work. 

To assist in finally deciding the system to be 
adopted, bids for block signaling were requested 
in eight different forms, covering both normal 
clear and normal danger systems, all-electric and 
electro-pneumatic design, and either with one 
rail of each track given up for signaling pur- 
poses or with both rails left available for power 
return. Bidders were encouraged to make sug- 
gestions as to design and requirements of speci- 
fications, so that the specifications might not be 
considered to act as a restriction on the exercise 
of their best skill. 

In canvassing the proposals the signal com- 
mittee of the New York Central lines was called 
into consultation, and every feature was gone 
over in detail. The system offered by the Gen- 
eral Railway Signal Co., and known as _ the 
“Young System,” was adopted. Alternating cur- 
rent is used for track circuits in connection with 
reactance bonds, permitting the passage of the 
direct propulsion current freely through both of 
the running rails, while impeding the alternating 
current used in signaling. This two-rail system 
was deemed best suited to the conditions. 

SCOPE OF THE WORK.—The work included 
by the contract covers what is known as the 
“Electric Zone,” extending from the Grand Cen- 
tral Station to Croton, on the Hudson division, a 
distance of 35 miles, and from Mott Haven to 
White Plains, on the Harlem division, a distance 
of 19 miles. Throughout this distance there will 
be four main tracks, and the work includes about 
8,000 interlocking levers and 1,400 track cir- 
cuits, aggregating about 250 miles. The work 
to be undertaken at the present time covers only 
that portion of the road to be electrified this 
year, which carries the work from the Grand 
Central Station to High Bridge on the Hudson 
division, and to Wakefield on the Harlem di- 
vision: 

Fig. 1 shows the general arrangement of tracks 
in the electric zone, the two main power stations 
at Port Morris and Yonkers delivering three- 
phase alternating current of 25 cycles and 11,000 
volts pressure, and the various sub-stations at 
which this current is transformed and converted 
to direct current at 666 volts for delivery to the 
third rail for operating purposes. These sub- 
stations are also equipped with the transformers 
for the signal service, delivering alternating cur- 
rent at 3,000 volts to the signal transmission 
line, which, although extending the entire length 
of the district to be signaled, is cut half way be- 
tween each pair of sub-stations, thus making 
that portion of the line fed by each sub-station 
entirely independent of the adjoining one. 

The apparatus in each sub-station is properly 
protected with automatic and hand operated 
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FIG. 1. MAP OF NEW YORK TERMINAL LINES AND ELECTRIC 
ZONE, NEW YORK CENTRAL & HUDSON RIVER R. R. 


system installed in 
Station for use of 
continue to feed the 
mission line with 
current, and the sig 
will continue to wor! ; 
conditions under wy) 
will be operated. <A «: 
is installed between 
former and the moto; 
set. 

TRANSMISSION J, 
3,000-volt transmission) 
sists of No. 0 bare . 
carried on the pole 
the conduits used fo; 
transmission system, F 
the design of the pol 
the transmission line 
the thickly populated 
Signal bridges are eq) 
extension brackets, 
arms, for convenienc; 
wire lines to signals. 

For the operation of 
cuits, signal motors, 
and signal lighting, 
volt current is stepped 
50 volts, through tra 
placed on signal bridge 
mission line poles. Th, 
ary of the transform: 
vided with a ground « 
formed by burying a 2 
in. copper plate, to 
brazed a No.4 BE&S 
per wire. 

For track circuit ope: m the 
voltage depends on the of 
track circuits, and va; from 
1% volts for circuits of 200 ¢: 
to 8 volts for circuits of 5.400 ¢: 
The reduction from 50 yolts to 
the track voltage is made by a 
transformer provided with four 
taps, which will permit 
type of transformer bei 
on all track circuits. 

In laying out the block l- 
ing plan, the length of the block 
was determined by the brak- 
ing distance. For speeds not ex- 
ceeding 45 miles an hour the 
blocks were made 1,200 ft. long; 
for speeds between 45 and 
miles an hour 2,500 ft., and for 
speeds over 60 miles an hour 
3,000 ft., the average length of 
the long blocks being about 3,200 
ft. All blocks have a full block 
overlap. A distant signal is pro- 


vided for each home signal. On 
account of the density of traffic 
and the necessity for quick opera- 
tion the clearing time is limited 
to three seconds. 

TRACK CIRCUITS. — The 


track circuits are of three types, 
as shown in Figs. 3, 4 and 5. 
Where they are 500 ft. or less in 


length, and where the drop in 
potential in the length of the 
track circuits is not greater than 
50 volts, the “one-rail’’ system is 
used, and one rail of the track is 


given up for signaling purposes 
and the arrangement si rit 
Fig. 3 is used. There being no 
direct cum nat on the signal rail 
it is not necessary to use any 
reactance bonds. 

On all track circuits over 5 
ft. in length the ‘‘two-rail” sys- 
tem is used, and both raus 
are used for the return of the 
direct power current, and on all 
of these circuits it is necessary 


switches, and in order to insure operation, should to use the reactance bonds, by which th ena 
the alternating current fail, DC-AC motor gen- nection is madé around the insulated rail j ints, 
erators taking current from the storage battery permitting the direct current used in operating 
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to pass ile impeding the alternating current a/b this load the motor will clear the signal in from 
ysed fo ick circuit work. The insulated rail “ge two to three seconds. Square end blades are 
joints at ¢ the Weber pattern with a steel angle used on home signals at interlockings, and 
plate on tie inside. pointed end blades on automatic home block sig- 
On t! circuits between 500 and 1,600 ft. in AY One nals. 
ength “two-rail’ system is also used and %y The circuits by which signals are controlled are 
"e * nee bonds consist of a eopper bar 1 ' shown in Fig. 9, which calls for a full block over- 
io in ( section and 30 ft. long coiled in eight + ama zo os | lap, and the control of the distant signal through 
turns around an iron core, as illustrated in Fig. Die a circuit breaker on the home signal. 
& the arrangement of the circuit being as shown “3 (furmshed by PR Co) The signal lamps are New York Central stand- 
Fig. For track circuits over 1,600 ft. in ) OS a trot ard pattern, and are provided with an electric 
length a reactance bond formed of a coiled copper % ; 7 light attachment, as shown in Fig. 10 The 
par wit it any iron core is used; the circuit ‘ lamps are of four-candle power, working on a 
being rated in Fig. 5. circuit, and are connected in parallel, 


It will be seen that the block sections are of 
two types, the one-rail and the two-rail systems. 
In the former the propulsion current flows along 
the continuous rail, and in the event of a defect 
in the continuous rail, this current must avail 
iiself of the conductivity of adjacent tracks, 
through cross bonding. In sections of the two- 
rai] system each of the traffic rails of-a track 
forms separate and independent conductors so 
that if one rail is interrupted the other would 
act as a return conductor, even if there were no 
cross bonding to adjacent tracks. 

The use of two styles of bonding was deter- 
mined by the cross bonding for the electric trac- 
tion system. The Engineering Department of 
the railway company determined that the dis- 
tance between such cross bonds should not ex- 
eeed 1,600 ft. For blocks that are 1,600 ft. or 
less in length the type of bond shown in Fig. 6 
allowing cross bonding at the ends of the track 
sections was best suited to the conditions. For 
track circuits over 1,600 ft., the ironless re- 
actance bond, illustrated in Fig. 5, is the least 
expensive and the one to be used. 

In Fig. 7 is shown the proposed arrangement 
of the reactance bonds on all four tracks, and 
also the connections from the bonds to the rail, 
which consist of bare stranded copper cable 1,- 
20,000 circular mils. The specifications require 
that the connections shall not be made within 
® ft. of the rail joint, and that 2 ft. of slack shall 
be allowed to provide for creeping of rails. 

All of the reactance bonds are enclosed in 
water-tight cast-iron boxes set on foundations, 
the boxes are filled with oil to carry off the heat 
generated. The bond is designed to permit the 
continuous passage of 3,000 amperes for each 
rail of the track without injurious heating. The 
casing of the box is made to cover the terminals 
and connections to the rail to keep them from 
being tampered with. 

The track relay is of the induction motor type 
with two field coils. One coil is energized by 
the 50-volt signal operating current which gives 
the greater part of the energy required to mag- 
netize the fields and armature. The other coil 
is energized by the current from the track rails 
and this current need only be strong enough to 
give sufficient magnetism to rotate the armature. 
The armature revolves through an angle of 371°, 
during which movement the contacts are ane 
rated through 23%° and made up through 14°, 
thus giving a good rubbing contact. Especially 
hard carbon is used for the fixed point of con- 
tact, while the moving point is of platinum. As 
the controlled current is an alternating one, there 
is little sparking, although currents of from ‘/:6 

\, HP. are used. 

The box containing the track relay and trans- 
former and the grid resistance has a plug in 
which an electric light can be cut in for use in 
night inspection. 

SIGNALS.—The signals are to be of the Gen- 
eral Railway Signal Co.’s motor operated type, 
with mechanism placed in the base of the signal 
mast, and worked by a single-phase alternating 
motor of 144 HP., using current at 50 volts. The 
general arrangement of the mechanism is shown 
in Fig. 8. The slot mechanism is exceedingly 
simple, and under alternating current operation 
is very quick in releasing. 

The signals are of the 60° two-position type, 
using New York Central standard spectacles and 
blades, which impose on the signal motor a load 
*qual to the lifting of a 17 Ib. weight, at a dis- 
tance of 4 ft. from the center of the shaft. With 
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Fig. 2. Details of Transmission Line Poles. 
Lacing one angle ......... 2% x 1%  */,g-in. (single) 
Estimated Quantities: 

Concrete .. 
Timber 


General Conditions: 
Distance C. to C. of Poles = 150’ on Tangent, Sag —¢! 
Distance C. hod C. of Poles on 1° Curve, Sag = 27 
Distance C. to C. of Pole on 2° Curve, Sag — 24” 
Distance C. to C. of Poles ” on 3° Curve, Sag = 2 
Distance C. to C. of Poles = 118’ on 4° Curve, Sag=—18%,” 
Distance C. to C. of Poles = 112’ on 5° Curve, — 16%” 
Distance C. to C. of Poles = 107’ on 6° Curve, Sag = 15” 
Sag of wires for all spans computed at + 70° F. with 
no wind. 

Load on Poles: 

6 Wires, Circuit No. 1, each gs 2 dia. area = 400,000 
C. M., weight 1.22 Ibs. per lin. 

4 Wires, Circuit No. 2, each 1" ‘als. area = 1,000,000 
C. M., weight 3.55 Ibs. per lin. 

3 Wires, Circuit No. 3, each 0. 165” dia. area = 27,225 
C. M., weight .074 Ibs. per lin. ft. 

together with %”’ coating of ice on all wires. 

Wind pressure 30 Ibs. per sq. ft. on the surface of the 
pole, and on all wires covered with %”’ coating of ice. 

Unit Stresses: 

Tension = 30,000 Ibs. per sq. in. net section. 
30,000 Ibs. 


Compression = 1 + er per sq. in. gross section. 
25 r 
Shear on Rivets = 22,500 Ibs. per sq. e* 
Bearing on Rivets = “45,000 lbs. per sq 
Maximum bending moment on pole = Mt; 910,000 in.-lbs. 
Maximum overturning moment of pole = 43,340,000 
in.-lbs. 
Specifications: 
Material to be in accordance with clauses 9 and 10 of 


with a fuse cut out, to allow any lamp to be dis- 
connected without affecting other lamps supplied 
on the same circuit. The filament of the lamp is 
wound in a small circle, to bring the point of 
maximum illumination within the focus of the 
lens. 

The signals to be used in the Park Ave. tunnel 
will consist of lights only, without any moving 
parts whatever. Electric lights will be arranged 
in a box behind lenses of proper color, and the 
current for the lamps will be directly controlled 
by the relay contacts. Lamps giving the proper 
color for the stop or caution indication will be 
lighted when the track relay is de-energized and 
those giving the proceed indication will be lighted 
when the relay contact is closed. 

With this installation the colors used by the 
New York Central for the night signal indication 
will be changed in the electric zone, and instead 
of using white for proceed and green for caution, 
the system of using green for proceed and yel- 
low for caution will be used for the first time 
on this line. 

TYPICAL INTERLOCKING PLAN.—A typical 
plan of an interlocking is given in Fig. 11, which 
shows the plant to be installed at Bronx Park. 
These interlockings are of the standard type, 
manufactured by the General Railway Signal 
Co., in which direct current, furnished from stor- 
age batteries is used to operate the switch 
movements and _ signals. As usual with this 
type of apparatus the indication is given by the 
current formed by the motor, which on completing 
its stroke at the signal or switch movement is 
changed to a generator and gives sufficient cur- 
rent to release the lock of the lever of:the ma- 
chine. 

The current to charge these storage batteries 
is to be obtained from an AC-DC motor-gene- 
rator set, taking current from a transformer fed 
from the 3,000-volt signal transmission line and 
furnishing current of 150 volts. 

The storage battery consists of 55 cells of ca- 
pacity varying from 80 to 320 ampere hours, ac- 
cording to the number of daily lever movements 
to be made. The average time between charging 
will be four days. The motor generators with 
switchboards will be placed in the basement of 
tower buildings and a separate battery house 
will be provided to keep the fumes of the batter- 
ies away from the signalmen and the apparatus 
in the towers. 

The interlocking machines are of the usual 
type made by the General Railway Signal Co. 
and are provided with a latch for each lever to 
require a definite action on the part of the 
operator to change the position of the lever. The 
lever handles are colored according to their func- 
tions. There will be a separate lever for each 
high signal arm and no selectors will be used. 
Two switches may be controlled on one lever 
with circuits arranged as shown in Fig. 12. 

The interlocking signals will be of the General 


Manufacturers’ Standard Specifications for Open-Hearth 
Steel as given in the Carnegie Steel Co.'s Pocket Com- 
panion, dated 1903. 

Workmanship to be in accordance with the said specifi- 
cation for workmanship. 

Painting to be one coat of N. Y. C. standard red lead 
paint on each surface in contact before assembling; 
and one coat on the entire pole before leaving the shop. 
Before erection add two heavy coats of N. Y. C. as- 
phaltum varnish. 

Note.—Cross arms and ground wire with %-in. bolt, will 
be furnished by the Railroad Co. 

Top of Foundation 6 ins. above base of rail in cut. 

Top of Foundation 6 ins. below base of rail on fill. 
Note.—Finish top of pedestals as indicated to keep, 
water away from steel work and to shed from center 
towards sides of pedestals. 
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FIG. 3. TYPICAL ALTERNATING CURRENT TRACK CIRCUIT, ONE RAIL GIVEN UP FOR SIGNAL- 
ING PURPOSES. 


Railway Signal Co. type with dynamic indica- 
tion current return. These signals, where slotted, 
will return to the stop position when the cur- 
rent through the slot magnet is open, but the re- 
turn indication from the signal motor is not re- 
ceived at the lever until the lever is first restored 
to the normal position. The operating circuits 
for the signals are run through controllers on all 
lacing switches in the maine line, insuring that the 
switches are properly set before the signals can 
be cleared. Block signals on the same mast with 
distant signals are controlled by a lever in the 
machine requiring the block signal to be changed 
to the stop position before a signal can be cleared 
for a reverse movement on the main line. 

The advance signals for each track, although 
operating as automatic block signals, are con- 
trolled from the interlocking and are provided 
with a square end blade to enable the signal man 
to hold a train, if it is desired to do so. 

Approach locking will be provided for all main 
line switches. This locking becomes effective 
when a train has reached a point at least one 
mile in the rear of the distant signal. 

In order to permit the signal man to change 
the route for a train in case of a mistake in set- 
ting it up, a mechanical screw release is pro- 
vided. This will allow the releasing of the lever 
and changing the route on the expiration of a 
time interval of 1% minutes after the signals 
have been restored to the stop position. A 
counter reading to five figures is to be placed on 
all high signals to register the number of move- 
ments. 

The movement to be used to operate the 
switches is of an entirely new type and is shown 
in Fig. 13. With the small clearance under the 
third rail contact shoe, a mechanism that will 
not project above the top of the running rail is 
absolutely necessary. This movement is en- 
closed in a casing with the gear and ascapement 
erank horizontally arranged. The reversible pole 
changer and indication switch box are also en- 
closed in the casing with the switch mechanism, 
protecting these parts. The movement is fitted 
with an improved locking device which, in the 
ease of the plunger catching on the locking rod, 
as it will do if the switch does not lock up 
properly, will release the plunger, allowing it to 
stop -while the main part of the movement com- 
pletes its stroke. The arrangement prevents the 
motor from foreing the plunger through the lock 
rod in case it should not have come to the proper 
position, 

The type of dwarf signal to be used is a new 
one, the signal arm being moved by a motor 
mechanism arranged horizontally at the base 
of the post. With this apparatus the indication 
will be returned to the lever by the current gene- 
rated by the motor instead of by battery current, 
as is required with a solenoid mechanism. 

In this installation the use of detector bars is 
practically abolished, a few only being used on 
the outside rail on sharp curves. Short electric 
track ecireuits are provided in their place, effect- 
ing the locking of the switches during train 
movements by controlling the locks on the switch 
levers. The use of these short track circuits 


with the controlling wires to the interlocking 
machine makes possible, at small expense, the 
use in the interlocking tower of an illuminated 
track indicator consisting of a track plan of the 
interlocking painted on a piece of ground glass 
with the track circuit sections divided on the 
back of the glass into separate compartments 
in which are a red and a white electric light. 
When the track section is gecupied a red light 
will be shown on the indicator plan, and when 
unoccupied a white light will be shown. 

In places like the Grand Central terminal 
where the tracks will be entirely roofed over it 
will not be possible for the signal man to ob- 
serve the movements of many of the trains and 
an indicator of this kind is an absolute necessity 
to enable him to keep in touch with the situation. 
As in the Park Ave. tunnel, the signals in the 
Grand Central Station interlocking will be shown 
entirely by lights, without any blades or mov- 
ing parts. In this interlocking work, however, 
the lever for the signal completes the circuit for 
the lamps to give the proper color for the indi- 
cation required. 


THE TUNNEL UNDER THE ENGLISH CHANNEL, 


The old project of a tunnel under the English 
channel to connect the railway systems of Great 
Britain and France, and some _ experimental 
work upon which was done at both ends several 
years ago, has been recently discussed by a 
French engineer, Mr. Albert Sartiaux, in view of 
the modern developments of electric power and 
the special methods of rapid tunneling adopted 
for the great Simplon tunnel, recently completed. 
From his review of the project in the “Revue 
Generale des Chemins de Fer,’ we take the fol- 
lowing particulars. In 1875 a French com- 
pany with $4,000,000 capital (headed by Roths- 
child Brothers) was granted a concession for a 
tunnel from some _ point near Calais and 
“directed towards’ Great Britain. The conces- 
sion was for 99 years, without subsidy or guaran- 
tee on the part of the government, but the gov- 
ernment agreed not to grant a similar concession 
for 30 years. The company was to execute prelimi- 


nary works at a cost of at least $4() 
state within five or eight years if ; 
to the concession. The company h. 
obligations, and has spent more th 
sum on shafts, headings, borings, ¢, 
In 1883 it had one gallery 6,035 f: 
driven by hand drills but mainly }, 
mont compressed-air drills, which 
vance of about 5,420 ft. in 257 day 
chine made a record of 1,312 ft. in 
and could probably have reached 
work had been continued. The dif 
objections, according to Mr. Sartiayu 
on the English side. A company \ 
England in 1872, but has not bee: 
cure a definite organization, and th: 
purchasing the necessary land 
granted to it by Act of Parliament 
been allowed to lapse. But while ¢! 
has ceased to have a definite ex; 
Southeastern Ry., of England, enter: 
munication with the French co; 
(adopting its views as to the geol 
tions) started preliminary works at 
tween Folkestone and Dover in 1s 
results were as favorable as on the | 
but objections were raised by the 1}: 
tary authorities and work was «0: 
stopped; since then, in spite of var 
quent attempts, it has not been possi! 
come these objections. 

From the geological investigations, | 
and the outcroppings on both sides «i 
nel, it is confidently expected that th: 
be carried in Continuous beds of cha 
faults or interruptions, while the lb: 
thick, solid and impermeable as to 
favorable conditions for tunneling. <A 
time there are strata of unreliable 
the neighborhood, and the difficulty wi 
location rather than in the boring of | 
It would probably be necessary to fr: 
step by step by means of trial headin: 
ings. Instead of a direct line, the: 
tunnel would probably be more or | 
and in this respect the introduction 
traction presents advantages in allo 
operation of sharper curves and hea 
than would be practicable for ordinary 
comotives. With curves of 984 ft. 
radius and grades of 1.5 to 2% the tu 
readily follow the irregular line of 1! 
good material. 

A double-track tunnel would be apy 
oval in cross-section 30 to 33 ft. wide 
23 ft. high, and while a minimum tl! 
130 to 165 ft. of the impermeable cha 


is expected, it is considered that the su! 


would be to drive two parallel circul 
of 18 to 20 ft. diameter, 60 ft. c. toc, « 


at intervals of 350 to 400 ft. by transverse : 


leries. Another point to be considered i 


the drainage should be provided for in the 


tunnels or in a separate gallery. Thi 


plan would necessitate a high elevatiu' 


middle and a low elevation at each end 


economical construction and operation rejuire 4 
minimum elevation at the ends. The 


yi? 


to 


Mr. Breton, has adopted the latter plan, th: 
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 . ~\yPICAL ALTERNATING CURRENT TRACK CIRCUIT, TWO-RAIL RETURN: REACTANCE 
silos BONDS, WITHOUT IRON CORE. 


ery being about 7 ft. diameter; it would con- 
ir a sag in the grade line near the center 
tunnel, and then diverge horizontally and 
aan - terminating in a pumping shaft at 
Calais. ‘The proposed plan is to start the drain- 


| first and to run lateral galleries to 
of the main tunnels, so that work on 
the sop ean be driven from several headings, 
wd excavated material being hauled away 
through the drainage gallery. The middle of the 
,ould be the summit of short grades from 
cher side, and from the bottom of each grade 
tunnel would then rise towards the shore. 
It is estimated that the drainage gallery and 
both tunnels could be completed in 414 to 5 years 
 aetual tunneling, after the construction of 
preliminary works, including the main shaft and 
means for handling the excavated material. 
The total length of the tunnel would be about 
*) miles, the width of the channel at the Straits 
{ Dover being about 21 miles. 


REPORTS OF THE NATIONAL BOARD OF FIRE UNDER- 
WRITERS’ COMMITTEE OF TWENTY. 


A number of the excellent reports on the 
water supply and fire protection of cities issued 
by the Committee of Twenty of the National 
Board of Fire Underwriters* have been abstracted 
recently in these columns. We give below some 

resting statements extracted from the last 
annual report of the committee and also from a 
pamphlet issued by the committee in explanation 
ff the scope and object of its investigations. 

In its report the committee states that there 
are now 116 subscribers in support of the work 
ff the committee, of which 107 are “regular 
National Board members” and the nine others 
are special subscribers paying $500 a year. The 
regular subscribers are assessed on the pre- 
miums received by their respective companies. 
The assessment for the first year of the investiga- 
tion was 1-15th of 1%, and for the second year 
1-l7th of 1%. The total expenditures for the first 
year of the investigation were $81,500, and for the 
second year $102,000. Of the latter sum, $46,956 
was paid to engineers as salaries and $10,082 for 
flicers’ salaries. Reports on 46 cities have al- 
eady been made in pamphlet form, and work in 
t dozen other cities is under way. The report 
contains detailed information as to the improve- 
ments to date carried out in accordance with the 
nmendations of the various reports. These 
have been summarized as to the expenditure by 
cities and show a total of nearly $5,000,000, of 

nearly $2,000,000 has been laid out in 
Buffalo and nearly $1,000,000 in Rochester. 


The second pamphlet, mentioned above, which 
s enutied “Analysis of Reports of the National 
Boar! of Fire Underwriters Committee of 
Tw " takes up in order the various headings 


n the report of the several cities. Explana- 
re given as to why information is sought 
esented under these headings. As to fuel, 
ud that knowledge on this subject is use- 
ful a guide to the condition of flues and the 
ation of buildings, particularly as to the 


*S Il Lockett, Secretary to the Committee, 135 Will- 
am New York City. 


corrosion of tin roofs and iron-clad structures, 
and the effect upon certain stones, especially 
those with a carbonate matrix. High tempera- 
tures are not of great importance, “but low 
temperatures, especially if of long duration, mean 


“a great deal,’’ since they involve a large number 


of fires from heating apparatus, greater diffi- 
culties incurred in fighting fires, and an increase 
in the number of frozen hydrants and water 
mains. The paragraphs on Ownership and Con- 
sumption are well worth quoting in full, and with 
these our extracts will be concluded, as follows: 


OWNERSHIP.—A careful consideration of the various 
factors entering into the problem of ownership leads to 
the belief that this topic cannot well be omitted. In 
works of private ownership we seldom find a contract 
or agreement of any kind stipulating in definite terms 
the quality of fire protection which shall be provided. 
Indeed, the question of supply for fire purposes involves 
so many elements widely different in character from 
those affecting domestic supply that it is difficult to draft 
a satisfactory binding agreement. The nature of the 
problem makes the returns on the investment larger and 
quicker in providing domestic service than in furnishing 
a good fire protection supply. The exploiting of the 
latter is not attractive to private capital. In other words, 
private owners of water-works are not apt to appreciate 
fully the fire protection side of water-works as they are 
dividends. New roofs on pumping stations, larger mains, 
increased pressures, etc., eat into profits. And strictly 
speaking, they may not be necessary from the standpoint 
of private ownership. A water system, very poor from 
a fire protection viewpoint, might be, and often is, a 
profitable investment to its owners. 

Again, the service rendered by public and quasi-public 
corporations, including the domestic supply of private 
water companies, is affected favorably by the public’s 
every-day contact. The available supply for fire pur- 
poses, however, is a reserve called into action but sel- 
dom; and, when its deficiencies are manifested, they do 
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not come directly to the attention of the people It is 
only when ineffectiveness is followed by disaster that 
the public becomes thoroughly alive to the situation and 
brings its power to bear on a private company. And 
then the horse is stolen. On the other hand, the man 
agement of municipal works is accountable to the people 
and under the spur of a direct responsibility for the con- 
dition of a system and its ability to deliver water for fire 
protection as well as for other purposes. A municipality 
owned and operated works, therefore, may be expected 
to meet more nearly fire protection requirements than 
one of private ownership. 
CONSUMPTION.—Consumption and water waste freque 

ly contain the key to a costly and otherwise urdesirabl 
situation. The elimination of waste by the introduction of 
meters and proper restrictive measures has often post- 
poned for years costly. extensions, enabling a municipality 
to undertake other needed reforms. Failure to do so has, 
on the other hand, frequently resulted in expensive ad- 
ditions to pumping stations, larger upply m increase 
reservoir capacity, etc. The city of Buffalo has an 
average daily consumption at least four times as large 
as it should be. The result is that pressures and imm« 
diate supply at any one point are generally too low, 
and costly additional pumping machinery has been neces 
sary. The citizens argue that the upply is unlimited 
and further, that the water-works is self-supporting, for 
getting that they are supporting it If they had to pay 
the same increased tax in the form of insurance rates, a 
hue and cry would be raised immediately I 
as to the consumption is also directly interesti: 
tablishing the margin of reserve for fire purposes 


SOME NOTES ON THE LOS ANGELES OUTFALL 
SEWER. 
By W. P. Hardesty,* C. E 

The city of Los Angeles, Cal., has at present an 
estimated population of about 200,000 The Pa 
cific Ocean is less than 15 miles distant from the 
center of the city. 

OLD SEWER.—In 1894 an outfall sewer wa 
completed, leading from near the southwest cor 
ner of the city southwesterly to a point on the 
ocean beach between Redondo Beach and Santa 
Monica. It consists of 4!% miles of circular brick 
conduit, mostly 40 ins. diameter; 114 miles of 6-ft 
tunnel, and two inverted siphons, each about 3.4 
miles long, one of 3t6-in. and one of }S-in. wood 
stave pipe. The total cost was S370,000. [See 
Eng. News, Feb. 28, 1895, for plan, profile, and 
other illustrations, and full descriptive text, with 
cost figures, and Feb. 10, 1898, for notes on the 
operation of the outfall. ] 

After a few years’ use the interior of the brick 
conduit and the tunnel (of brick and concrete) 
were showing disintegration. Mr. Rudolph Her 
ing, M. Am. Soc. C. E., was engaged to examine 
the structure. He diagnosed the case as one 
where the ventilation of the sewer was entirely 
insufficient, resulting in the generation of gases 


*U. S. Reclamation Service, Cody, Wyo 
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FIG. 7. PROPOSED ARRANGEMENT OF REACTANCE BONDS, SHOWING FOUR-TRACK LOCA- 
TION OF BONDS AND CONNECTION TO RAILS. 
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FIG. 6. DETAILS OF REACTANCE BOND AND CASE. 


that attacked both the cement mortar and the 
bricks. The former was crumbling into a powder 
and the latter were spawling off, the disintegra- 
tion of the mortar extending into the joints in 
places as much as one-half in. [See Eng. News, 
Nov. 8, 1900, for report on examination of outfall 
sewer.] The first deterioration was found after 
the sewage had passed the first siphon, where a 
strong odor also became manifest. The strongest 
odor was noticed several miles farther on, and 
especially at the first drop in the sewer, by 
which the gases in the sewage were freely liber- 
ated. The deterioration at this point, also, was 
the greatest. Below the surface of the flowing 
sewage the bricks and mortar were found to be 
perfectly sound. 

When passing through the long inverted siphons 
there was no air or oxygen available for oxida- 
tion, and the process of decomposition was chiefly 
one of putrefaction. On emerging from the 
siphons into the conduit the sewage again came in 
contact with the air, and the escaping gases were 
concluded to be the undoubted cause of the 
trouble. 

From the foregoing it would appear that in- 
verted siphons, especially when of some length, 
are very objectionable features in 4 sewerage sys- 
tem, as ventilation is impossible in them. In 
this particular case the rather low velocity in 
the siphons greatly aggravated matters, as it 
gave more time for the putrefying process. An- 
other cause of the generation of the gases is 
found in the mild and nearly uniform climate at 
Los Angeles, on account of which the difference 
in temperature between the interior of the sewers 
and the air outside is comparatively small, so that 
there is little tendency to create a draft of air 
through the sewers, which is necessary for a good 
ventilation. 

NEW SEWER.—On account of the trouble ex- 
perienced with disintegration, and also from the 
formation of deposits along the flatter gradients, 
and also because of the rapid growth of the city, 
it was decided to build an entirely new sewer. 
Bonds for this were issued in 1902-3, and work 
was begun in 1904. 

The new system follows a somewhat more di- 
rect route than the old one. It has a down grade 
all the way, varying from 1 in 200 to 1 in 1,100, 
necessitating much heavier work in trenching 
and grading, and also a longer tunnel, than in the 
old sewer. It is estimated that the time of pas- 
sage of sewage will be reduced from 24 hours to 
only 4 hours, and the liability of deposits will 
also be greatly diminished. The sewer begins at 
Jefferson St. and Wesley Ave. (in the southwest 
part of the city), and has a length of 65,000 ft. 
It consists of a brick conduit throughout. About 
ten different cross sections are used for the va- 
rious conditions encountered along the line. 

For the first 2144 miles, where the grade ranges 
from 1 in 200 to 1 in 500, the conduit is circular, 
ranging from 44 ins. to 49 ins. For 8 miles be- 
yond this is a uniform grade of 1 in 1,100, on 
which slight variations of an elliptical section, 
averaging about 5 x 6 ft., are used. Nearer the 
ecean there is another long stretch of circular 
conduit (57-in.), where the grade is 1 in 500. 

In ordinary situations the conduit has only two 
rings of brick. Where in made ground, or in that 
where the top of the sewer is but little below the 
natural surface, and also in the tunnel, three 
rings are used. At these points, where crossing 
depressions several feet below grade, a concrete 


cradle 10 ft. wide on the base is used for support 
of the brick section. 

The interior of all sections is plastered with 
%-in. cement plaster up to one-half the height. 
The extrados of the arch is covered with %-in. of 
cement mortar. It is intended that the sewer 
shall run only half full, and its capacity at that 
level is calculated at 50 sec. ft., or over 32,000,000 
gals. per day. This will afford an abundant air 
space above the flowing sewage, allowing rapid 
oxidation. Connection with the outside air is 
afforded by manholes at average intervals of 
about 500 ft. for all except the tunnel portion. 
Both of these features are decided improvements 
over the old sewer. 

Beginning at 4.6 miles from the head is the 
main tunnel, a trifle over two miles long, and in 
which the sewer invert is 25 to 85 ft. below the 
ground surface. There are ten ventilator shafts 
along the tunnel, spaced at intervals of about 
1,000 ft. Each consists of a well casing of 15-in. 
steel pipe (sunk before beginning the tunnel 
work), in which a lining of 12-in. sewer pipe was 
placed. The latter was lowered into the steel 
pipe from the ground above, the successive lengths 
being added as it descended. Special joints were 
used for this sewer pipe. 

Below the lower end of the tunnel there is 
a stretch of about 7,000 ft., in which the natural 
surface of the ground is mostly below the top of 
the conduit, in places even several feet below its 


bottom. A large amount of filli;. 
necessary to provide the minimy, 
3 ft. of earth over the top of th 
filling is brought up in 9-in. layers 
slopes are 2 to 1. To thoroughly .« 
the higher fills before building the 
embankment was raised around th 
form a shallow basin, into whi. 
pumped and kept in it for several ; 
At the end of the 8-mile section 
of the line of the new sewer 
the old one, and follows it to the . 
in ordinary trench excavation, th: 
being torn out and rebuilt, largely 
terial. In two tunnels, one of 900 | 
1,300 ft. length, the old sewer wi!) 
the brick work is being well clean. 
dug out to hard mortar and any }. 
moved, after which a %-in. coat of «. 
is applied to the entire surface. \ 
being done the sewage is diverted 
where it is used for broad irrigation 
tunnels have an oval section 6 ft 
capacity is sufficient for the needs of 
tem without enlargement. On a s!} 
open trench work between them th. 
oval section is used for the new w: 
end of the second tunnel the conduit « 
a 24-in. cast iron pipe. This is at th: 
bluff overlooking the ocean, and th: 


50 ft. on a steep gradient. Here it j i 


riveted steel pipe, which extends on 


about 1,000 ft. out into the ocean, wh: 


end is about 2 ft. below mean tide. 
The city owns a strip of ground ext: 


the coast about one-half mile on either 


outfall, and the solid materials are s 


minuted and carried out by the tides 
accumulations occur on the shores « 


lands. 


At the head of the 24-in. cast iron py, 
spoken of is a concrete tank, in which t 
materials are separated from the sey 
not to be discharged into the ocea: 
done by compelling the sewage to pus: 
openings near the bottom of a series 
boards. The lighter materials are thus 
an opportunity to rise to the surface, f: 


FIG 8. DETAILS OF BLOCK SIGNAL MECHANISM. 
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——" hand temper and yet have sufficient ductility to resist 
ena ae | LA | | sharp blows without crumbling. The temper of 
the seats should be drawn to a very light straw 
72 —y), color; that of the pivots should be slightly darker. 
For accurate results it is very desirable to know 
eons [| L 4 the heat which must be used to produce the 
proper hardness. Reliable steel makers grade 
a Ty ae. a their steels for carbon content and give full in- 

| cous | formation for heat treatment. 

The angle of 90° for the knife-edge has given 
good results for heavy loads. For ordinary 
} weighing machinery and most testing machinery 
} a 5,000 Ibs. per inch of length will be found an 
r | F 3 = ample allowance. In a recent testing machine of 
+ $00,000 Ibs. capacity, made from the writer's de- 
| ga | signs, the two large levers had a load of 10,000 
| rr | Ibs. per inch on the pivots for the maximum load. 

1 Each pivot had an effective length of 40 ins. 
ne The edge may be made perfectly sharp, for 
loads up to 1,000 Ibs. per inch of length. For 
| greater loads the sharp edge is rubbed with an 
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FIG. 9. TYPICAL SIGNAL CIRCUIT, POW 


‘ney can be raked off. Heavy materials are de- 
5 the bottom of the tank, which may be 
cleaned when out of service by use of a by-pass 
for the sewage. 
\ considerable source of profit to the city is 
plied by the sale of the sewage for broad irri- 
gation. In this climate, where crops are grown 
at all seasons, the sewage is valuable all the year 
tent during the rainy season. 

The work is being built by contract, but the 
city furnishes the cement and brick. The esti- 
mated cost as planned at the beginning was as 


follows: 


it 
posited 


Ab 


17,000,000 brick (hard burned), at $8 per M.... 136,000 


“000 bbls. Portland cement, at $2.60 per bbl.. 78,000 


The prices for brick and cement include their 
delivery on the ground, 

The system was designed under the supervision 
of Mr. Harry F. Stafford, the present City En- 
gineer of Los Angeles, and the construction is 
being carried out under his general charge. The 
work is now well along towards completion. 


ALLOWABLE UNIT LOADS ON KNIFE EDGES FOR TEST- 
ING MACHINES AND HEAVY WEIGHING SCALES. 


By Jos. W. Bramwell.* 


It has been the writer’s privilege for several 
years to study the manufacture of the weighing 
mechanism of testing machinery having knife 
edge supports for its levers. 

Allowable loads on knife edges vary with the 
manner the pivots or knife edges are held in the 
lever and the pivot supports or seats secured to 
the base of weighing machines. 

The writer is inclined to believe, from personal 
observation, that very little care is exercised in 
most heavy weighing scales as to proportion of 
length of the pivot or the method employed in 
securing the pivot to its lever. Frequently the 
writer has seen slender pivots overhung from the 
side of the lever, and by figuring the deflection 
from a moderate load found, as in many over- 
hung journal bearings, that the extension of the 
pivot beyond the solid support was practically 
worthless. The case of the pivot is much worse 
than the shaft, because the local distortion is 
greater; hence the pivot would touch its support 
only over a fraction of its length. 

In testing machinery, however, greater care is 
generally given to these details, although serious 
faults are still prevalent with some machines 
considered standard. 

The testing machine is nothing but a weighing 
Scale having a straining mechanism which pulls 
upon a specimen; the resistance of this specimen 
is weighed precisely as upon a platform scale. 

A defective but cheap practice in fitting pivots 
to levers of testing machines, particularly those 
designed to carry a heavy load, and those upon 
which the weigh table of the machine rests, is 
to cast the pivots in the body of the lever, using 
Square tool-steel pivots for cores. These pivots 
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have a certain taper, which allows them to be 
driven out when the casting is cool. In spite of 
the care used in placing these cores in the mold, 
their correct positions will be changed after the 
casting is poured. To bring them into proper 
alinement again, considerable skill and care is 
necessary. 

The greater fault of such practice, however, is 
in the shape of the hole in the casting. The hole 
being square and its diagonal necessarily ver- 
tical, a very bad breaking point is made by the 
sharp corner; the tendency to break is also in- 
creased by the chilled iron immediately in con- 
tact with the pivot, and the initial strain due to 
driving the taper pivot in, still further reduces 
the strength of the lever at this point. The hole 
is frequently enlarged by the wedge action of the 
pivot under load; and on account of the irregular 
surface at the upper sides of the pivot, the pivot 
will assume another position and change what 
should be a fixed ratio—the lever lengths. I 
have purposely dwelt upon these irregularities 
in construction to show why allowable loads are 
variable. 

Loads of 10,000 lbs. per inch of length on knife 
edges are permissible, but the pivot must be flat 
at its upper portion, normal to the load and sup- 
ported its whole length, with a minimum deflec- 
tion of parts to ensure reasonable accuracy. 

The quality of steel used in pivots and seats 
has an important bearing upon the allowable load. 
In all cases it is essential that a high-grade uni- 
form tool steel be used, having a carbon content 
of 0.90% to 1.00%. Such steel will take a very high 


oilstone, so that a smoothness is just visible. <A 
pronounced radius of knife-edge will decrease the 
sensibility of the apparatus. The seat, if an 
angular one, is shaped with a small radius at the 
intersection of the sides of the angle. 


BRAKE BEAMS FOR 60,000, 80,000 AND 100,000-LB. 
FREIGHT CARS.* 

Recognizing that the present standard requirements 

(adopted in 1889) for freight brake beams are 

for existing conditions of service 


inadequate 
, and that a very large 
percentage of the brake beams now used do not ever 
approximate the M. C. B. specifications, this association 
last year appointed your committee to investigate the 
subject and submit specifications and tests for brake 
beams for 60,000, 80,000 and 100,000-Ib 
Your committee found it necessary: 


capacity cars 


(1) To determine the strength of the beam 
market and ascertain their adaptability to the service re 
quired, which necessitated an investigation and test of 


now on the 


the various means which are now generally used This 
investigation was undertaken for your committee by Pur 
due University as represented by Dean Goss, and was 
directed by Dr. W. K. Hatt, Professor of Applied Me 
chanics, Dr. Hatt was assisted by H. H. Scofield, In 
structor of Applied Mechanics, 

(2) The duty of determining the proper location and 
dimensions of brake beams, to enable the committee to 
prepare specifications for beams of proper strengths, wa 
delegated to a sub-committee, composed of Mr. R. B 
Kendig, Mechanical Engineer of the L. S. & M. S. Ry., 
and a member of our committee, Mr. J. G. Platt, En 
gineer of Tests, Erie R. R., and Mr. L. L. Bentley and 
his successor, Mr. J. N. Mowery, Mechanical Engineer, 
Lehigh Valley R. R. Co 
In order to carry out the tests at Purdue University, 


*Report of Committee of Master Car Builders’ Asso 
ciation presented at the annual convention at Atlantic 
City, N June 13, 14 and 15, 1906 
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several beams of the various makes were taken from regu- of cars and speed of trai d : jecte severe ‘‘transverse”’ _——  : i 
peed of trains, and the fact that the present jected to a severe ‘‘transverse” or y: e 0 
lar stock and donated to the committee by the following M. C. B. standard beams are not sufficiently strong for a mechanical standpoint there ve 
companies: Pennsylvania R. R., Erie R. R., L. S. & the service, a very large number of brake beams now ‘transverse’ stress produced in AK 
M. 8S. Ry., Lehigh Valley R. R., Armour Car Lines, being used do not even meet the specifications of 1889. vice. Even under extreme misa), : 
Pressed Steel Car Co., Buffalo Brake Beam Co., Chicago The result is' that such brake beams not only give ineffi- duces torsional or twisting strains. o 
Ry. Equipment Co., Gilbert P. Ritter. cient service but soon fail. of ‘‘vertical’’ stress will result. 1 
PRESENT CONDITIONS.—A_ general review of the Investigation shows that many new freight cars have naturally arises, why do some }, fault of 


brake beam situation disclosed a deplorable state of af- 
fairs. It may seem a startling statement, but it is never- 


been equipped with brake beams hung at variance with 
the M. C. B. standard height, also at variance with the 


twisted or buckled in service? Thy ’ ung 
committee show that this is due to the ; uld t 


theless true, that in many directions less attention is now height for which the brake beams were designed. This which do not have sufficient strengt) 
MOUSE ow 
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being given to brake beams (the vital part of the founda- 
brake rigging) than 12 or 14 years ago, notwith- 
standing markedly changed conditions, as well as great- 
ly increased requirements of service. It also appears 
that in any ‘‘metal brake beam”’ is inter- 
preted acceptable beam. 

PAST AND PRESENT REQUIREMENTS.—The present 
M. C. B. requirements for brake beams were 
adopted ISS9, and were the result of a thorough in- 
vestigation and a series of tests made by the committee 
report on ‘‘Standard Brake Gear for Air 
with Brake for Iron Beams.’’ That 
considered the subject carefully, and while it 
was the original view of the committee that the standard 


tion 


some cases 


as an 
standard 
in 
appointed to 
Brake 
committee 


Cars, Shoes, 


for freight service should be 15,000 Ibs., with only 
1-16-in. deflection, the result of their extensive tests 
showed that manufacturers had not then reached the 


point of making an economical and satisfactory beam to 


meet this requirement for freight service. That com- 
mittee therefore recommended that the association adopt 
two brake beams: 

“No. 1, to stand a load of 7,500 Ibs., with maximum 


deflection of 1-16-in. 
“No. 2, to stand a load of 15,000 lbs., with maximum 
deflection of 1-16-in."’ 


That committee also reported: 


“Beam No. 1 is intended for all freight cars now con- 
structed, and beam No. 2 for passenger cars and freight 
cars, in the event of the adoption of a larger cylinder, 
or the introduction of a device for graduating auto- 
matically the braking power in proportion to loads and 
speed.”’ 

It will thus be seen that in 1889 the 7,500-Ib. require- 
ment was considered a minimum, and the suggestion was 
then made for just such a condition as now exists. The 
maximum capacity of cars then being built was 60,000 
ibs., though but comparatively few of that capacity were 
then in service, and the 8-in. air-brake cylinder was the 
in use on freight cars. The weight of 
in service ranged from 18,000 Ibs. to a maxi- 
mum of 33,000 or 34,000 Ibs., and this maximum was ex- 
for heavy refrigerator cars. It is safe 
to say that a fair average for the majority of cars then 
in use not over 25.000 Ibs. At that time the per- 
centage of braking power to the light weight of the car 
did exceed 70%. Therefore, the maximum load ap- 
plied the average did not exceed 4,500 Ibs. 
per beam, and the maximum load for the heaviest car did 
not exceed 6,000 Ibs. per beam. 

At that the of the air-brake its in- 
fancy, and brake beams were not generally subjected to 
the conditions of air-brake service. The 
speed of trains were then very much less 
than years, and no federal law governing the 

train on which brakes must be 
have extensively in use cars of 
The minimum weight of cars now 
said to be 24,000 Ibs., while the 
runs ‘as high 55,000 Ibs., and a 
fair average may probably be stated as between 42,000 


largest size then 


cars then 


ceptional except 


was 


not 


to car 


time use was in 


present 
and 


severe 
weight 


in recent 


percentage of cars per 


operative To-day we 


110,000 Ibs. capacity 


in use may safely be 


maximum weight as 


and 45,000 Ibs. On the same basis of 70% of the light 
weight of car, the average braking requirements would 
be raised from 4,500 Ibs. to 7,800 Ibs. or more per beam. 
Under present condi‘ions, the braking power can be, 
and in many cases is, increased to S) and 90% of the 
light weight of the cars, which gives a load of from 
4.000 to 10,000 Ibs. or more per beam. 


INEFFICIENT BRAKE BEAMS.—Notwithstanding the 
increased requirements of to-day due to both the weight 


misapplication produces a torsional strain on the beams 
when the power is applied. This abuse, taken in con- 
nection with the overloading of weak brake beams, has 
resulted in a continually increasing number of distorted 
and broken beams, and has misled some to make the er- 
roneous deduction that there is a ‘‘vertical’’ stress or 
load produced in service, which should be provided for; 
this question will be discussed under a separate heading. 

Many roads are still applying ‘‘outside hung’’ brake 
beams, which we believe is radically wrong, as it is 
impossible to obtain satisfactory results with beams so 
hung. Outside hung beams are affected by the action of 
the bolster springs, curving of the trucks, sagging of the 
ear body, etc., all of which prevents effective braking, 
and particularly under the varying conditions of loaded 
and empty cars. There is no argument in favor of such 
an arrangement, with the one exception, that they are 
more accessible. 

A brake beam should be hung inside of the wheels to 
some rigid portion of the truck, so that it will always 
maintain the same relative position to the wheels; when 
so hung the beams are easier to maintain, and not being 
exposed are less liable to be struck by obstructions on 
the track (impromptu bumping posts, ete). The first 
cost of the inside hung brake beam is less, they cost 
less to apply, and most important of all, give more ef- 
fective results in braking. 


VERTICAL STRESS.—Owing to the large number of 
which have become twisted or buckled in 
some have asserted that brake beams are sub- 


brake beams 
service, 
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Fig. 10. Electric Light Attachment for Signal Lamp. 


of pull. Being overloaded they fail and 
line of least resistance, this being 

up and down in relation to the position 
the car. 


SPECIFICATIONS AND TES Many 
The fundamental object in using a me: : 
is to insure the efficiency of the air-braj 
minimum deflection, and consequent , 
travel at the required load, and to acco: ; aa 
a structure of the required strength and 
minimum weight and reasonable cost. gie | 
CAPACITY.—In arriving at the desired \ 1 nort 
we may assume 50,000 Ibs. as the maximum l tt 
or general service freight cars; ther tread 
instances of special construction where weight L 
slightly exceeded, but these exception 11 ke a 
considered in view of the allowance to | le later m some co 
Now, assuming 1,500 Ibs. unbraked weigh! ‘le as a standard 
minimum which can be allowed to avoid 1 flat wheels t is 
and we will have a maximum braking | of 0 
Ibs., less 6,000 Ibs. or 44,000 Ibs.; this 4 by four The 
gives a maximum braking force of 11,000 ‘ 13-22-ir 
Adding to this value a reasonable fa: 
necessitates a capacity in the brake beams 
DEFLECTION.—In establishing the pro; 
beams it will be noted that the present Mo © L. a- the brak 
lowable deflection of 1-16-in. has been us: ection 
being the recognized standard by which | ire a ietel 
capacities of brake beams, but experien how Many b 
that this can be easily met in economical ¢ t Mm both to 
also leaves sufficient elasticity to withstand ks of ® being fo 
service without injury or permanent set Ve believe mporta 
that the above capacity of brake beams for | freig i 
cars is sufficient for present conditions, and vides for me reduce 
any possible increase in the future requir I increas 
would really be a readoption of the present dard, for play 
by reference to the report of the 1889 com = | 
be seen that the No. 2 brake beam, |! 
1-16-in. deflection, is really the present staniird “wher t 
a larger cylinder is used, or a greater « ty thar the skiz 
7,500 Ibs. is required.” } 
LENGTH OF BRAKE BEAMS.—As a 
recommendation of the Air Brake Associati: e 
the present standard length of brake beams a t 
of the Master Car Builders’ Association in su! gt 
question to letter ballot, a difference 
arisen, and we are informed by the manu! 
they are now called upon to furnish th 
lengths of brake beams, namely: 60 ins., ‘ a 
60% ins. of brake shoes. This, with allow et 
avoidable variations of %-in. in manufact. give Bide hi 
the extremes in length of 59% ins. and 60', You D 1 
committee should therefore decide upon, and mit ® As th 
for adoption as standard, some definite lens’ te 
beam from center to center of brake head-. ‘¢ 
with limits of variation, which will be allow 
The recommendation of the Air Brake A 
shorten the length of brake beams was for 
of obtaining greater efficiency by insuring ‘ t 5 
of the full width of the brake shoe on the t t 
wheel, thereby obtaining a greater amount 
and wearing value; inspection having show 
large number of old brake shoes were flang: 
partially worn from overlapping the treads of | whee s 
This is a condition of service which can and iid 
remedied. It is due to the excessive length of ke 
beams, and t%e improper hanging of others. 
We would recommend that the Association sj 9 fy ‘2 
all brake beams should be 60% ins. from cente: center 
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heads with an allowable variation of brake head at the center of same, just back of the cen- 
of ner way from this. tral brake shoe lug, so that they will be firmly locked in 
yet ;—A great deal of difficulty has been position by the brake shoe, and by bringing them as 
= : ting the brake shoes on many of the close to the shoes as possible, overcoming the tendency 
me on the market, due to the brake heads - of the beam to rotate about the hangers. This will also 
the M. C. B. dimensions, either from admit of the use of longer brake hangers, than if they 
: or patterns, or the distortion of the were attached to the brake heads at a point above the 
si ocess of annealing and manufacture. It center of same, and which is a desirable feature. 
" seem important that we consider this Where by reason of design of brake beam the recom- 
p view of having all brake heads made mended location of brake hanger eye is impracticable an 
MACHINE 
+ 4 4 2S LEVERS SOR AS 


standard angle of 40° 


rake at 
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7 SPARE SPROES 22 29-29-25 


655 
SUMMARY.—Your committee accordingly recommends 
for adoption as standard, two brake beams, which shal! 


be known as beam No. 1, for use under cars, having a 


light weight of 30,000 Ibs. or less, and beam No. 2 
which shall be used under cars, having a ligh? 
weight in excess of 30,000 Ibs. Both beams shall con 


form to the following specifications: 


1. All beams shall be 60% ins. in length from center 
to center of brake head, with an allowable variation of 
14 in. in each direction, and shall be proven by the gage 


GNALS AT BRONX PARK. 


erdance with the present M. C. B. con- 

1 sions, to insure more satisfactory service 

difficulties which have been experienced 
of the brake shoes. 

heads are found which bear at the ends 


S| 


Many t 
nd lack tact at the center, causing the shoes to 
k at t center when worn. Many brake heads 


will 1 low the brake shoe to be properly driven 


tant that all brake heads be of such an 
tion to the center line of the fulcrum, or 
normal line of applied force (which is horizontal) 
the shoes shall be in perfect contact with the 
wheels when applied. 


+) 
1 the 


LEVER FULCRUMS.—The power being applied to the 
fulcrum it is important that we give 
onsideration to this detail. The present M. C. B. 
from the vertical for the lever 
almost universally used on freight brake 
nd should be maintained as a standard. 
The present M. C. B. standard lever pin which is 
in. in diameter is also generally used and should 
ntalned, having ample shearing and bearing value 
beam of the increased capacity previously 
but the diameter of the lever pinhole in 
rake beam fulerum should have our attention. In- 
shown that the standard of 1% ins. in 
many instances is not being adhered to. 
brake beams have pinholes roughly cored, and 
h in diameter and out of round, many 
og found 13-16-in. to 1% ins. in diameter. It is very 
unt that these pinholes do not exceed 1% ins. in 
I » as to eliminate lost motion as well as to 
the wear at this point. The tendency to wear 
reases very rapidly in proportion to the amount of 
iy. In the case of malleable iron fulcrums these 
ld be drifted (mot drilled) to size. The ad- 
tage of drifting the holes in a malleable casting is 
t they are trued and forced to size without removing 
skin or the best wearing part of the material; this 
ess is not only better than drilling, but would also 
cheaper for the manufacturer. In the case of 
ught iron or steel fulerums, these holes should be 
led or punched and reamed to size. 


\PPLICATION.—A_ proper and efficient brake beam 


Is now 


mmended, 


} 
eter ir 


too large 


ving been determined upon, the next question which 
‘urally arises is that of proper application. While 
roads are still applying outside hung beams, the 
antage of applying them to the inside of the wheels 
s been so generally recognized that the number of out- 
hung beams is now a very small proportion on 
equipment. 
‘ the best results can only be obtained when beams 
inside Lung, we recommend to the Association that 
oom beams be inside hung, and that the present M. 
». Standard height of 13 ins, from top of rail to the 
T of face of brake shoes be adhered to on all 
pment. When this height cannot be obtained 
@ equipment, it is recommended that the beams be 
" ‘ch as possible; if provided with rigid heads 
no 'o be designed to suit the height at which they 
: ill cases the lever fulcrum and the center 
ke beam should be horizontal, which is in 
wit applied power. In addition to the above 
te 1 that this Association adopt as recom- 
“2 proctice the following features of application 
rig. 1, namely: 


rake hangers should preferably be attached to the 


alternate location 2% ins. above the preferred location 
for brake hanger eye as shown by Fig. A, page 656, is 
permissible. 

The slot for the brake hanger should be limited in 
dimensions as much as possible, in order to prevent wear 
and overcome the chattering or excessive movement of 
the beams up and down with the rotation of the wheels. 
In order to obtain a minimum play at this point of at- 
tachment, a standard size hanger % in. diameter should 
be adopted, and this size is now in general use. 

In order that the proper release of the brake beam be 
obtained by gravity, the brake hangers should have an 
angle as nearly as possible to 90° from a line drawn 
from the center of the brake shoe to the center of the 
axle when the shoes are half worn. This will also pre- 
vent any possible wedging of the beams. 

Third suspension hangers should be used on all brake 
beams when practicable to prevent the shoes from drag- 
ging on the wheels when the brakes are released. They 
should be attached to flexible (not rigid) brackets, and 
should have the same exact angle and length as the 
brake hangers to prevent binding or tilting of the 
beam. 

Chains are preferable to safety hangers, as the yoke 
and similar forms of safety attachment are often so 
arranged that they strike the beams, causing a loss of 


-- -- 


ora 


shown by Fig. 3, applied to the center and each end of 
the brake heads, which shall be the standard gage for 
this purpose. 

2. All brake heads shall conform to the M. C. B 
standard dimensions, and shall be proven by a standard 
gage. 

3. Attachments 


for safety 
from 


center to center. 
. The angle of the 
the vertical. 

5. The lever pinhole shall be % ins. in 
top of the brake head lugs The variation in either 
direction shall not exceed 1/1, in. 

6. The lever pinhole shall not be less than 1°/g9 in 
in diameter, nor more than 1°/sg ins. in diameter, and 
shall be proven by the gage shown by Fig. 6, which shall 
be the standard gage for this purpose 

7. The maximum distance from the 
back of brake beam 


hangers shall be 51 ins 


lever fulcrum shall be 40° from 


front of the 


lever pinhole to 
the extreme should not exceed 
9% ins. 

8. For each 500 brake beams, or less, which pass in- 
spection and are ready for shipment, one representative 
beam shall be taken at random, and subjected by the 
company manufacturing the beams, and in the presence 
of the railroad company's inspector, to the following test 
in a suitable machine: 

The beams shall be equipped with suitable heads and 
shoes, and the shoes placed in contact with castings rep 
resenting the tread of the wheel; when mounted in this 
manner, the load shall be applied to the fulcrum in the 
normal line of pull. As a preliminary to the test a load 
of 6,000 Ibs. shall be applied and released, after which 
observations for records shall be taken. Beam No. 1] 
under a load of 7,500 Ibs., shall not deflect to exceed 
under a load of 15,000 Ibs., shall 
in. 


.0625 in.; beam No. 2, 
not deflect to exceed 


FIG. 13. MECHANISM FOR OPERATING SWITCHES. 


power and a tendency to damage the beam; 51 ins. c. to 
ec. of safety hangers is now generally used and should 
be adopted as standard. 


FACILITIES FOR TESTING BRAKE BEAMS.—In or- 
der to insure the purchasers obtaining brake beams 


which meet these specifications, if adopted as standard, 
some provision should be made for testing the beams. 
Very few, if any of the railroads now have the proper 
facilities for doing this work. 


9. In case a beam shall fail in this test, then a second 
beam shall be taken from the same lot and similarly 
tested. If the second beam stands the test, it shall be 
optional with the inspector whether he shall test a 
third beam or not. If he does not do so, or if he doe 
and the third beam stands the test, the 300 beams, or 
less, shall be accepted as Alling the requirements of this 
test. 


10. Individual beams will not be accepted which (1) 
do not conform to standard dimensions, and (2) that has 
physical defects. Any lot of 500 beams, or less, sub- 
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several beams of the various makes were taken from regu- of cars and speed of trains, and the fact that the present jected to a severe “transverse” or vey _ | 
lar stock and donated to the committee by the following M. C. B. standard beams are not sufficiently strong for a mechanical standpoint there 
companies: Pennsylvania R. R., Erie R. R., L. 8S. & the service, a very large number of brake beams now “transverse”’ stress produced jn 4 
M. 8. Ry., Lehigh Valley R. R., Armour Car Lines, being used do not even meet the specifications of 1889. vice. Even under extreme misa; 
Pressed Steel Car Co., Buffalo Brake Beam Co., Chicago The result is‘ that such brake beams not only give ineffi- duces torsional or twisting strain : 
Ry. Equipment Co., Gilbert P. Ritter. cient service but soon fail. of “‘vertical’’ stress will result T P 
PRESENT CONDITIONS.—A _ general review of the Investigation shows that many new freight cars have naturally arises, why do some bya} 
brake beam situation disclosed a deplorable state of af- been equipped with brake beams hung at variance with twisted or buckled in service? Thy 
fairs. It may seem a startling statement, but it is never- the M. C. B. standard height, also at variance with the committee show that this is due to the 
theless true, that in many directions less attention is now height for which the brake beams were designed. This which do not have sufficient strength 
4. 4. 4, 4 i 
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being given to brake beams (the vital part of the founda- misapplication produces a torsional strain on the beams of pull. Being overloaded they fail and 
tion brake rigging) than 12 or 14 years ago, notwith- when the power is applied. This abuse, taken in con- line of least resistance, this being 
standing markedly changed conditions, as well as great- nection with the overloading of weak brake beams, has up and down in relation to the position 
ly increased requirements of service. It also appears resulted in a continually increasing number of distorted the car. 
that in some cases any ‘‘metal brake beam”’ is inter- and broken beams, and has misled some to make the er- SPECIFICATIONS AND TES 
preted as an acceptable beam. roneous deduction that there is a ‘‘vertical’’ stress or The fundamental object in using a nv 
PAST AND PRESENT REQUIREMENTS.—The present !0ad produced in service, which should be provided for; is to insure the efficiency of the air-b: 
standard M. C. B. requirements for brake beams were ‘his question will be discussed under a separate heading. minimum deflection, and consequent 
adopted in 1889, and were the result of a thorough in- Many roads are still applying ‘‘outside hung’’ brake travel at the required load, and to accu: . 
vestigation and a series of tests made by the committee beams, which we believe is radically wrong, as it is a structure of the required strength ani 
appointed to report on “Standard Brake Gear for Air impossible to obtain satisfactory results with beams so minimum weight and reasonable cost 
Brake Cars, with Brake Shoes, for Iron Beams.” That hung. Outside hung beams are affected by the action of CAPACITY.—In arriving at the desired \ 
committee considered the subject carefully, and while it the bolster springs, curving of the trucks, sagging of the we may assume 50,000 Ibs. as the maximutn 
was the original view of the committee that the standard ear body, etc., all of which prevents effective braking, or general service freight cars; ther 
for freight service should be 15,000 Ibs., with only and particularly under the varying conditions of loaded instances of special construction wher« 
1-1G-in. deflection, the result of their extensive tests and empty cars. There is no argument in favor of such slightly exceeded, but these exceptio: 
showed that manufacturers had not then reached the 2" ®rrangement, with the one exception, that they are considered in view of the allowance 
point of making an economical and satisfactory beam to more accessible. Now, assuming 1,500 lbs. unbraked weicht 
meet this requirement for freight service. That com- A brake beam should be hung inside of the wheels to minimum which can be allowed to avoid " 
mittee therefore recommended that the association adopt some rigid portion of the truck, so that it will always and we will have a maximum braking | wD) 
two brake beams: maintain the same relative position to the wheels; when Ibs., less 6,000 Ibs. or 44,000 Ibs.; this 4 
baie : so hung the beams are easier to maintain, and not being gives a maximum braking force of 11,00) 
of 7,500 Ibs., with maximum 4, nosed are less liable to be struck by obstructions on Adding to this value a reasonable 
‘No. 2, to stand a load of 15,000 Ibs., with maximum the track (impromptu bumping posts, etc). The first necessitates a capacity in the brake beams « OOO Ik 


deflection of 1-16-in."’ 


That committee also reported: 

“Beam No. 1 is intended for all freight cars now con- 
structed, and beam No. 2 for passenger cars and freight 
cars, in the event of the adoption of a larger cylinder, 
or the introduction of a device for graduating auto- 
matically the braking power in proportion to loads and 
speed.”’ 

It will thus be seen that in 1889 the 7,500-Ib. require- 
ment was considered a minimum, and the suggestion was 
then made for just such a condition as now exists. The 
maximum capacity of cars then being built was 60,000 
ibs., though but comparatively few of that capacity were 
then in service, and the 8-in. air-brake cylinder was the 
largest size then in use on freight cars. The weight of 
cars then in service ranged from 18,000 Ibs. to a maxi- 
mum of 33,000 or 34,000 Ibs., and this maximum was ex- 
ceptional except for heavy refrigerator cars. It is safe 
to say that a fair average for the majority of cars then 
in use was not over 25,000 Ibs. At that time the per- 
centage of braking power to the light weight of the car 
did not exceed 70%. Therefore, the maximum load ap- 
plied to the average car did not exceed 4,500 Ibs. 
per beam, and the maximum load for the heaviest car did 
not exceed 6,000 Ibs. per beam. 

At that time the use of the air-brake was in its in- 
fancy, and brake beams were not generally subjected to 
the present severe conditions of air-brake service. The 
speed and weight of trains were then very much less 
than in recent years, and no federal law governing the 
percentage of cars per train on which brakes must be 
operative. To-day we have extensively in use cars of 
110,000 Ibs. capacity. The minimum weight of cars now 
in use may safely be said to be 24,000 Ibs., while the 
maximum weight runs ‘as high as 55,000 Ibs., and a 
fair average may probably be stated as between 42,000 
and 45,000 Ibs. On the same basis of 70% of the light 
weight of car, the average braking requirements would 
be raised from 4,500 Ibs. to 7,800 Ibs. or more per beam. 
Under present condi‘ions, the braking power can be, 
and in many cases is, increased to S> and 90% of the 
light weight of the cars, which gives a load of from 
000 to 10.000 Ibs. or more per beam. 

INEFFICIENT BRAKE BEAMS.—Notwithstanding the 
increased requirements of to-day due to both the weight 


cost of the inside hung brake beam is less, they cost 
less to apply, and most important of all, give more ef- 
fective results in braking. 

VERTICAL STRESS.—Owing to the large number of 
brake beams which have become twisted or buckled in 
service, some have asserted that brake beams are sub- 
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Fig. 10. Electric Light Attachment for Signal Lamp. 


DEFLECTION.—In establishing the pr 
beams it will be noted that the prese: 
lowable deflection of 1-16-in. has been used 
being the recognized standard by which 
capacities of brake beams, but experic 
that this can be easily met in economical 
also leaves sufficient elasticity to withs!and 
service without injury or permanent set 
that the above capacity of brake beams for 
cars is sufficient for present conditions, and 
any possible increase in the future requir 
would really be a readoption of the present 
by reference to the report of the 1889 com 
be seen that the No. 2 brake beam, 15,/")) 
1-16-in. deflection, is really the present sta 
a larger cylinder is used, or a greater 
7,500 Ibs. is required."’ 

LENGTH OF BRAKE BEAMS.—As a |! 
recommendation of the Air Brake Associat 
the present standard length of brake beams a 
of the Master Car Builders’ Association in s 
question to letter ballot, a difference o! 
arisen, and we are informed by the manu! 
they are now called upon to furnish th 
lengths of brake beams, namely: 60 ins., (i), 
60% ins. of brake shoes. This, with allow 
avoidable variations of %-in. in manufact 
the extremes in length of 59% ins. and 6, 
committee should therefore decide upon, and 
for adoption as standard, some definite lenz! 
beam from center to center of brake head 
with limits of variation, which will be allow 

The recommendation of the Air Brake A 
shorten the length of brake beams was for 
of obtaining greater efficiency by insuring 
of the full width of the brake shoe on the 
wheel, thereby obtaining a greater amount < 
and wearing value; inspection having show 


large number of old brake shoes were flange’ 
partially worn from overlapping the treads of (! 


This is a condition of service which can and 
remedied. It is due to the excessive length of 
beams, and the impyoper hanging of others. 


We would recommend that the Association sy) 


all brake beams should be 60% ins. from center ' 
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oo heads with an allowable variation of brake head at the center of same, just back of the cen- SUMMARY.—Your committee accordingly recommends 
= ver way from this. tral brake shoe lug, so that they will be firmly locked in for adoption as standard, two brake beams, which shal! 
~ ‘H .—A great deal of difficulty has been position by the brake shoe, and by bringing them as be known as beam No. 1, for tse under cars, having 
— ng the brake shoes on many of the close to the shoes as possible, overcoming the tendency light weight of 30,000 Ibs. or less, and beam No. 2? 
nced 
heads yn the market, due to the brake heads -of the beam to rotate about the hangers. This will also which shall be used under cars, having a_ light 
cpu's +» the M. C. B. dimensions, either from admit of the use of longer brake hangers, than if they weight in excess of 30,000 Ibs. Both beams shall con 
phage i »y patterns, or the distortion of the were attached to the brake heads at a point above the form to the following specifications: 
ess of annealing and manufacture. It center of same, and which is a desirable feature. 1. All beams shall be 60% ins. in length from center 
i eem important that we consider this Where. by reason of design of brake beam the recom- to center of brake head, with an allowable variation of 
eet 2 iew of having all brake heads made mended location of brake hanger eye is impracticable an 1, in. in each direction, and shall be proven by the gage 
IIACHINE 
4 | 28 LEVERS FOR AS SICNMS 
7? SWITCHES, 4 OLRM. 
WORKING LEVEAS 
SPRRE SPROES 22 24-24-25 
6 
—— == = = 
—--— SS fom ‘ 
q 
q 


SIGNALS AT BRONX PARK. 
dance with the present M. C. B. con- 


tly 


or a ions, to insure more satisfactory service 

1 avoid difficulties which have been experienced 
me fitting of the brake shoes. 

Many t beads are found which bear at the ends 

nd lack tact at the center, causing the shoes to 

sak at the center when worn. Many brake heads 

» will not allow the brake shoe to be properly driven 


is important that all brake heads be of such an 
ition to the center line of the fulcrum, or 
normal line of applied force (which is horizontal) 
the shoes shall be in perfect contact with the 
.j of the wheels when applied. 
LEVER FULCRUMS.—The power being applied to the 
brake at the fulerum it is important that we give 
some consideration to this detail. The present M. C. B. 
‘tandard angle of 40° from the vertical for the lever 
now almost universally used on freight brake 
and should be maintained as a standard. 
sent M. C. B. standard lever pin which is 
diameter is also generally used and should 
ned, haying ample shearing and bearing value 
ra brake beam of the increased capacity previously 
nended, but the diameter of the lever pinhole in 
ike beam fulerum should have our attention. In- 
ion has shown that the standard of 1% ins. in 
jiameter in many instances is not being adhered to. 
Many brake beams have pinholes roughly cored, and 
both too large in diameter and out of round, many 
being found 13-16-in. to 1% ins. in diameter. It is very 
mportant that these pinholes do not exceed 1% ins. in 
, so as to eliminate lost motion as well as to 
re wear at this point. The tendency to wear 
nereases very rapidly in proportion to the amount of 


play. In the case of malleable iron fulcrums these 
hol id be drifted (mot drilled) to size. The ad- 
va { drifting the holes in a malleable casting is 


y are trued and forced to size without removing 
he n or the best wearing part of the material; this 
process is not only better than drilling, but would also 
be cheaper for the manufacturer. In the case of 
wrought iron or steel fulerums, these holes should be 


iriled or punched and reamed to size. 


APPLICATION.—A_ proper and efficient brake beam 
has determined upon, the next question which 
y arises is that of proper application. While 
roads are still applying outside hung beams, the 
age of applying them to the inside of the wheels 
s been so generally recognized that the number of out- 
de hung beams is now a very small proportion on 

» equipment’ 
' results can only be obtained when beams 
side hung, we recommend to the Association that 
beams be inside hung, and that the present M. 
Standard height of 13 ins. from top of rail to the 
f face of brake shoes be adhered to on all 
ew equ nt. When this height cannot be obtained 
* ment, it is recommended that the beams be 
ing : h as possible; if provided with rigid heads 
be designed to suit the height at which they 
in all cases the lever fulcrum and the center 
‘rake beam should be horizontal, which is in 
: > applied power. In addition to the above 
oN 1 that this Association adopt as recom- 
“ce the following features of application 
Fig. 1, namely: 
ke hangers should preferably be attached to the 


alternate location 2% ins. above the preferred location 
for brake hanger eye as shown by Fig. A, page 656, is 
permissible. 

The slot for the brake hanger should be limited in 
dimensions as much as possible, in order to prevent wear 
and overcome the chattering or excessive movement of 
the beams up and down with the rotation of the wheels. 
In order to obtain a minimum play at this point of at- 
tachment, a standard size hanger % in. diameter should 
be adopted, and this size is now in general use. 

In order that the proper release of the brake beam be 
obtained by gravity, the brake hangers should have an 
angle as nearly as possible to 90° from a line drawn 
from the center of the brake shoe to the center of the 
axle when the shoes are half worn. This will also pre- 
vent any possible wedging of the beams. 

Third suspension hangers should be used on all brake 
beams when practicable to prevent the shoes from drag- 
ging on the wheels when the brakes are released. They 
should be attached to flexible (not rigid) brackets, and 
should have the same exact angle and length as the 
brake hangers to prevent binding or tilting of the 
beam. 

Chains are preferable to safety hangers, as the yoke 
and similar forms of safety attachment are often so 
arranged that they strike the beams, causing a loss of 


ove 
POLE CHANGER 


shown by Fig. 3, applied to the center and each end of 
the brake heads, which shall be the standard gage for 
this purpose. 

2. All brake heads shall conform to the M. C. B 
standard dimensions, and shall be proven by a standard 
gage. 

3. Attachments for safety hangers shall be 51 ins 
from center to center. 

. The angle of the lever fulcrum shall be 40° from 
the vertical. 

5. The lever pinhole shall be 3 ins. in front of the 
top of the brake head lugs The variation in either 
direction shall not exceed '/,¢ in. 

6. The lever pinhole shall not be less than 1°/s ins 
in diameter, nor more than 1°/sg ins. in diameter, and 
shall be proven by the gage shown by Fig. 6, which shall 
be the standard gage for this purpose 
7. The maximum distance from the lever pinhole to 
the extreme back of brake beam should not exceed 
9% ins. 

8. For each 500 brake beams, or less, which pass in- 
spection and are ready for shipment, one representative 
beam shall be taken at random, and subjected by the 
company manufacturing the beams, and in the presence 
of the railroad company's inspector, to the following test 
in a suitable machine: 

The beams shall be equipped with suitable heads and 
shoes, and the shoes placed in contact with castings rep- 
resenting the tread of the wheel: when mounted in this 
manner, the load shall be applied to the fulcrum in the 
normal line of pull. As a preliminary to the test a load 
of 6,000 Ibs. shall be applied and released, after which 
observations for records shall be taken Beam No. 1 
under a load of 7,500 Ibs., shall not deflect to exceed 
.0625 in.; beam No. 2, under a load of 15,000 Ibs., shall 
not deflect to exceed .0625 in. 


FIG. 13. MECHANISM FOR OPERATING SWITCHES. 


power and a tendency to damage the beam; 51 ins. c. to 
c. of safety hangers is now generally used and should 
be adopted as standard. 

FACILITIES FOR TESTING BRAKE BEAMS.—In or- 
der to insure the purchasers obtaining brake beams 
which meet these specifications, if adopted as standard, 
some provision should be made for testing the beams. 
Very few, if any of the railroads now have the proper 
facilities for doing this work. 


9. In case a beam shall fail in this test, then a second 
beam shall be taken from the same lot and similarly 
tested. If the second beam stands the test, it shall be 
optional with the inspector whether he shall test a 
third beam or not. If he does not do so, or if he does 
and the third beam stands the test, the 500 beams, or 
less, shall be accepted as Alling the requirements of this 
test. 


10. Individual beams will not be accepted which (1) 
do not conform to standard dimensions, and (2) that has 
physical defects. Any lot of 500 beams, or less, sub- 
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FIG. A. RECOMMENDED APPLICATION OF INSIDE HUNG FREIGHT BRAKE BEAMS. 


mitted for test, that fail to meet the prescribed test 
(Par. 8) will not be accepted. 

RECOMMENDATIONS.—Your committee further rec- 
ommends for adoption by the M. C. B. Association as 
recommended practice: 

(1) That all beams be inside hung. 

(2) That all beams be hung 13 ins. from the rail. 

(3) That brake hangers shall be attached to the brake 
head at the center, and just back of the central brake 
shoe lug. 

(4) That brake hangers shall be % in. in diameter. 

(5) That brake hangers should have an angle as 
nearly as possible to 90° from a line drawn from the 
center of the brake shoe to the center of the axle, when 
the shoes are half worn. 

(6) Third suspension hangers should be used on all 
brake beams. They should be attached to flexible brack- 
ets, and should have the same angle and length as the 
brake hangers. 

(7) For safety hangers, chains should be used. 

(8) That, in order that these specifications may be 


Fig. 1. Interior of a Class “‘B’’ Hotel, Showing Cast- 
Iron Columns only Fairly Well Protected by 
Wire Lathing. 

Four columns out of 40 were bent or warped by the 
heat No lugs or brackets were broken on a_ single 
column either by earthquake or fire; all flanges likewise 
are in perfect shape. 


generally observed, after September 1, 1910, all cars not 
equipped with brake beams built in accordance with 
these specifications, be subject to rejection in interchange 
on account of improper equipment. 


MORE LESSONS FROM THE SAN FRANCISCO FIRE. 
By J. H. G. Wolf.* 

The views of the San Francisco ruins submitted 
herewith were taken with the idea of illustrating 
certain lessons in building construction which 
may be useful to engineers elsewhere. 

A notable and striking thing has been the man- 
ner in which cast-iron has withstood both earth- 
quake and fire. Since the collapse of the Ireland 
Building, in New York, a dozen years ago, the 
writer has always been more or less prejudiced 
against the use of this material for columns. Fig. 
1 shows the interior of a class “B” hotel, in which 
there must have been a very hot fire. But 10% 
of the columns are warped by the heat. The pro- 
tection was of a very flimsy character. The steel 
girders are all warped and twisted, not one of 
them being straight. On Powell St. there is an 
eight-story class “B” building, in which all nine 
tiers of the columns are standing in perfect con- 
dition but the steel girders are either gone or are 
unserviceable. The three enclosing walls of the 
building are in good condition, only the front, in 
which there was a large window area, will 
require tearing out. This experience is typical 
throughout the city, cast columns having stood 
the test of fire much better than steel, where 
equal protection was given to each. 

Fig. 2 shows the manner in which wire glass 
acted at the Wells Fargo Building. It cracked 
badly, but in no instance gave way. What it 
would have done had a hose been directed against 
it while hottest is problematical. In the Califor- 
nia Electrical Building its use was a primary 
factor in saving the plant. With their private 
water system they were able to keep the tar and 
gravel roof wet, and thus prevent the flames from 
working in from the top. The plant now stands 
as an oasis in a desert of desolation; is in opera- 
tion, and is doing a large business. 

Fig. 4 illustrates the spalling of granite by the 
fire, not a new thing at all, but this view was 
taken as an extreme example. Wherever sand- 
stone was used in combination with granite in a 
facade, the former stood the flames no better than 
the latter. This observation applies to the dove- 
gray or green-gray Colusa sandstone, used gen- 
erally throughout the city, as well as to the red 
and brown varieties of sandstone. Concrete stood 
the flames much better than any natural stone, 
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particularly where it was well anu 
It likewise withstood the earthqu 
encouraging manner. The vast ¢ 


of the Harbor, built of monolith; 
some steel reinforcement, was 


TAR-PAVED ROADS AT SCARBOROL: 


The subsoil of the borough is boul: 
of the chief factors in the life of a ta: 
an absolutely dry foundation, the foy 
way of this class consists of 3 ins. « 
are laid 7 ins. of local sandstone or } 
paved, all interstices being filled 
gravel 3 ins. thick. 

This formation is consolidated and 
a heavy horse roller or light 8-ton st; 
is ready to receive the tar paving, » 
three coats, as follows: 

First Coat.—The first coat is compo: 
stone gathered from the beach along th: i 
to a 1%-in. gage, then placed on the h fis 
kiln about 8 ins. thick, and left till th: pee 

After all moisture has been driven oe 
turned off onto a platform and mixed 
cold gas tar direct from the works. 
ton of stone. It is then deposited i: 
use, and is better for being kept two 
which remark applies to all classes of 

Second Coat.—The second coat is co: 
worn gravel from the beach, screene} 
and is prepared as follows: A layer 
ins. thick is put onto the hot plates, 
1% ins. screened gas-works cinders 
then another 5 ins. of gravel covered \ » lavas 
of cinders, the whole making about 12 | k W 
the material is thoroughly dry it is tu ~y aK 
and tarred as above—about 1% ewt. of 11 
material. 

Third Coat, or ‘“‘Topping.’’—The fi: 
mixture of fine gravel and ashes, both ed t 
About 5 ins. of gravel are first put on | 
covered with 3 ins. of ashes, then anotly 
of gravel, and a further covering of of o~ 
in all 16 ins. thick. When dry it is turned over apg 
thoroughly mixed, and then incorporated 
proportion of 2 cwt. of tar to 1 ton of 

Each coat is well rolled in with an Ss 7 
is laid on, and the finished surface is kled wit 
local limestone chippings, which considerably bright 
the appearance of the road. The total fi: 1 thickness 
when rolled averages about 4%4 ins 

After an interval of about 12 months, or 
quired, in about the months of May and 
weather, when the road surface has ab i the | 
of the sun, the surface is painted over with cold tar The 
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*Extract from a paper by H. W. Smith, A.M. Inst paved 
Cc. E., Borough Engineer of Scarborough, read before onstr' 
the Association of Municipal and County Engineers, June 
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Fig. 3. Tower Carrying Water Tank a° met 
fornia Electrical Works, not Disturbed by ©a™ 
quake. 

It was due,to this good fortune that the plaat ** a. 
saved. Note design of the Tower. Wea. 
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g. 4. Granite Columns of the Postal Telegraph 
Building, Showing the Worst Example of Spall- 
ing by Fire. 

The wooden posts were put in a few days after the 
fre to insure the buildings not collapsing at this corner. 

The remaining columns of the facade are in fair shape, 


Fi 


and sprinkled with fine gravel and limestone chips, and 
rolled with a steam roller. This process is repeated 
very two or three years as necessary, and is the main 
factor in extending the life of the road. The cost per 
sq. yd. of a roadway of this class (without foundation) 
about 2s. 6d. (60 cts.). 

The cost of tarring and dusting (including such slight 
repairs as may be necessary) is about 14d. (3% cts.) 
per sq. yd. 

The author has experienced some difficulty latterly in 
obtaining tar of an equal quality to that supplied some 
years ago before the attention of gas companies was 
lirected to the extraction of the by-products. Never- 
theless, by care and rejection of inferior samples, it is 
till possible to obtain satisfactory results from the tar 
pow obtained without the addition of other ingredients. 
The author does not claim for the above form of tar- 
paved roadway that it is superior to a similar roadway 
mstructed of properly tarred limestone broken to a 
gage, but ventures to draw the attention of members to 
yn account of its low cost and as showing that it is 
possible to produce a satisfactory roadway from ma- 
terial which cannot be described as ‘‘ideal’”’ for the 
purpose, 


COST KEEPING ON PUBLIC WORKS. 
By Waldo S. Coulter.* 

Cost reports naturally fall into two divisions, 
classified according to the purpose for which 
they are kept: (a) For ascertaining the varia- 
tions of force and cost during the progress of the 
work, stated in periodical 
reports and kept in 
sufficient detail to ac- 
quaint the superintendent 
or engineer with the gen- 
eral condition of each 
estimate item. (b) For 
ascertaining in consider- 
able detail the various 
items of cost, to be used 
for estimating the cost of 
future work. 

The basis of all cost 
analyses is the  time- 
keeper's daily book. The 
force reports should be 
entered in this book in 
such form as to admit a 


Fig. 5. Brick Chimney of the Wieland Brewery. 

This was one of very few chimneys in the city that 
stood unharmed. That of the California Electrical Co. 
across the street collapsed in a heap. Note the horizontal 
cross-section of this chimney. 
grubbers, shovellers, etc., etc., may be separated. 
The amount of coal, oil, waste, ete., used, should 
be shown, an approximate distribution of these 
being made when they cannot be exactly appor- 
tioned. Preferably, this daily book should show 
the forces engaged and the materials used on 
each estimate item by gangs, the location of 
each being stated on the margin, since it is 
often important to ascertain the cost of a given 
part of some classification during construction. 

This tabulation of the forces in detail must be 
carefully made, if the various parts of the data 
are to be consistent and reliable. The forces on 
a large contract are continuously in a state of 
flux. Men are being laid off or engaged each 
hour, transferred from one gang to another, and 
a given gang may be doing work upon several 
items during the day. It is evident that, where it 
can be done, the daily costs should be kept by 
foremen or inspectors, who are continuously on 
the job during working hours, and who are in a 
position to accurately note these hourly changes. 


most complete analysis. 
The forces engaged on 
each estiy 


nate item should 
be so entered that the 
Engineer, s. 
Service, Casper, 

flame to the building. 


FIG. 2. CHARACTERISTIC CRUMPLING OF SIDEWALK LIGHTS 
ae IN FRONT OF WELLS-FARGO BUILDING. 


In no instance was the supporting iron or steel protected. The wire glass glazing 
shown. of the high basement, was badly cracked, but in no instance did it admit 


Fig. 6. New and Old Chronicle Buildings. 

The new building (under construction at the time of the 
fire) had 17 stories; the old building about 8 storie 
The column of the new building at the eighth story level 
next the old building buckled by heat from the hot fire in 
the old building, and its giving way appears to have al 
lowed the upper six stories of the new building to lean 
towards the old for a foot or more at the point of maxi 
mum deflection at top The column was not yet pro 
tected at the time of the fire. 

This may be done on slips to be collected by 
the timekeeper. 

While the daily books should be kept in de- 
tail, only such data are necessary for current 
reports as will serve to keep the superintendent 
or engineer informed of an increase or decrease 
of forces, the extent of the work done on each 
contract item, size of plant engaged and the 
financial state of the contract. This report will 
serve as an approximate check on the engineers’ 
monthly estimate of quantities. This statement, 
in connection with the regular monthly report 
of progress, is generally sufficient. 
it is desired to analyze the costs of any one gang 
or to locate a leak, recourse may be had to the 
daily books. 

In addition to the cost of “labor’’ forces, there 
are many others to be considered. 


In cases where 


These may be 
roughly listed as the administrative, general work, 
insurance, freight and local tax costs. Adminis- 
trative cost includes the superintendent, book- 
keepers, timekeepers, 


superintendent's horse, 


office supplies, ete. General work includes set- 
ting up plant, removing same, and such shop 
work, etc., as is chargeable to the whole contract 
These general items cannot be distributed with 
any degree of accuracy during construction, and 
can be shown on current reports either undis- 
tributed or roughly allotted for current use. In- 
terest on borrowed capital may be included in the 
current reports, to better show the financial state 
of the contract. 

In connection with the cost accounts it is well 
to keep, on some classes of work, a supplementary 
plan showing the location of work done by the 
various gangs, with tracks, hoppers, etc., from 
which team and train hauls may be scaled and 
which may be studied with a view to effecting the 
best arrangement of the work. 

Upon the completion of the contract, a cost 
sheet should be made, analyzing each item in 
such detail that the figures may be used for the 
estimation of costs of future work presenting 
similar features either wholly or in part. 
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The proportion chargeable to general items 
diminishes as the size of the contract increases. 
For this reason it is best to exclude them from 
the various contract items on the final cost sheet 
and state them in the form of percentages. The 
analysis of the contract items may be better used 
when uninfluenced by the general costs, unless 
these are so shown that they can be easily de- 
ducted, Depreciation of plant and interest on 
capital invested are also best stated as percent- 
ages and not welded inseparably into the shovel- 


ling, teaming and other costs. The following 
will serve to illustrate the idea: 
SOIL EXCAVATION—CLASS A. 
Per cu. yd. 
0.080 
Depreciation of plant 8% 
(Based opr labor costs.) 
Interest on capital invested.............. 5 1% 


(Based on labor costs.) 
All percentages based on amount X. 

This Class A may be a small item in a large 
contract having many items, and consequently 
the general items be much smaller than would 
have been the case if this had been a small inde- 
pendent contract. The figures given above can 
be used for any sized contract working a gang 
of this size under these conditions, by varying the 
percentages. 

Obviously, interest on borrowed capital should 
be excluded from this final sheet, since items of 
unpreparedness should not enter into the estima- 
tion of the costs of another contract to be per- 
formed, presumably, under normal conditions. 

It is often objected that cost data are of little 
use because of the varying conditions under 
which contracts for work of the same kind is 
done, and that the principal qualifications of the 
estimator are experience and good judgment. 
This is not to the point, however, since tabulated 
costs, if properly gathered, are but tabulated ex- 
perience, and must always be supplemented by a 
complete knowledge of the conditions and good 
judgment. 


REDUCING THE WEAR OF DRIVING-WHEEL FLANGES 
ON SHARP CURVES. 

The rapid wear of driving-wheel flanges is a 
serious matter on many railways and divisions 
having numerous sharp curves, and under such 
conditions there is usually excessive wear of both 
rails and wheels, accompanied by the danger of 
sharp-flanged wheels climbing the rails on curves. 
The removal of tires for turning and the com- 


paratively short effective life of the tires are 


also costly results of service on track of this 
class. The Crown King line of the Santa Fe, 


Prescott & Phoenix Ry., in Arizona, has a very 
large number of exceptionally sharp curves, and 
has had satisfactory experience in the reduction 
of flange wear by the use of a device for oiling 
the flanges. ‘This flange-oiler is the invention of 
Mr. Harry Elliott, Road Foreman of Engines, at 
Prescott, Ariz., and in regard to it we have the 
following statement from Mr. W. A. Drake, M. 
Am. Soc. C. E., General Superintendent and Chief 
Engineer: 

By this device the engineman in the cab can apply a 
film of oil to the driving wheel flanges, this being done 
in such a way and so small a quantity being used that 
it does not spread to the tread of the wheel or the top 
of the rail, and in no way affects the driving wheel trac- 
tion or adhesion. This has been in use on some of the 
locomotives of the Santa Fe, Prescott & Phoenix Ry. for 
14 months, and at no time has the oil in any way con- 
flicted with the wheel traction. The wheels of one of 
these locomotives have made 40,000 miles without per- 
ceptible wear or suggestion of tire turning on account 
of flange wear. Before the flange oiler was used, tires 
were turned after running 20,000 miles. No estimate 
has been made of rail wear or of decreased risks on 
account of wheels climbing the rail. These results were 
noted on the Crown King road, where more than half 
of the line is curved, and most of the curves have a 
characteristic of 16°. This arrangement has not been 


applied to all the locomotives, but it soon will be. Its 
use on this line has not been of sufficient length to make 
estimates of the saving in dollars and cents, but it must 
be very great, and the device should interest all superin- 
tendents of motive power and those in charge of main- 
tenance-of-way where curves of over 5° and 6° obtain. 
It is not likely that the ordinary lubricating oils can 
be used in this way; California fuel oil so far seems to 
be the only oil filling the requirements. 


Fig. 1 shows the arrangement as applied to a 
consolidation locomotive; this engine has cylin- 
ders 19 x 26 ins., driving wheels 4 ft. 2 ins. diam- 
eter (all flanged), and a driving-wheel base of 


Fig. 1. Arrangement for Oiling the Flanges of Loco- 
motive Driving Wheels. 
Harry Elliott, Prescott, Ariz., Inventor. 


13 ft. 6 ins.; it has a weight of 128,000 Ibs. on 
the driving wheels. According to recent informa- 
tion this engine has been in service 17 months 
since its equipment with the flange-oiler, and 
has made over 50,000 miles; the front flanges 
have worn not more than ‘w-in. and the back 
flanges show practically no wear. The engine 
runs on a line having 187 curves in 27 miles; 
50 of these curves are of 16°, and the others are 
15°, 14° and 12°. There are also ten switcbacks 
with 16° curves and 3%% grades. It will be seen 
that steam is taken from the turret head in 
the cab and piped to an oil feeder, shown in de- 
tail in Fig. 2, from which \4-in. pipes are led to 
the front and rear driving wheel tires. The oil 
is not now used on the truck wheels, as their 
flanges do not wear or cut badly. The driving- 
wheel flanges are said to be as smooth as glass. 
The oilers on the front wheels are in use all the 
time; those for the rear wheels are used only 
when the engine is backing. It will be seen by 
the sketch in Fig. 1 that the oil pipe has a nozzle 
to throw the jet of steam and atomized oil 
against the face of the flange. As to the de- 


Fig. 2. Oil Feeder for Flange Oiling System. 


vice and its operation, Mr. Elliott, the inventor, 
writes as follows: 


I hold patent No. 818,364, issued April 17, 1906, for a 
system of lubricating a wheel flange or rail, comprising 
an oil feeder or receptacle and a pipe in communication 
with this receptacle, and with a source of steam supply, 
under reduced pressure and temperature; this pipe ter- 
minates in an orifice in proximity to the wheel flange 
and directs a current of steam and atomized oil against 
the surface of the flange or rail. Crude oil is the cheap- 
est and best, as it adheres to the flange and spreads less, 
but any kind of heavy oil can be used. One gallon 


should be sufficient for 500 miles or m 
steam should be used to form a good jet 
at the nozzle, and to strike the flange y ae 
to spread the oil in a circle about 1 ; nough 
the wheel revolves it spreads the oi] all . 
of the flange and carries it away fron 
wheel. Enough oil should be used to : 
covered all the time when running, by 
shut off when the engine is standing {, 
time. More steam is required in cold y 
the pipes are on the outside of the jack ii 
condensation at low pressure. The oil 
not less than half a gallon, and the 
have at least six coils to keep the oi! . 
oil is used continuously the flanges y 
smooth and show no perceptible wear: ; 
long as the tread of the wheel before 
turned. 

In this connection it is of inter: 
the use of a water jet to reduce 
This was tried on the Pennsylvania oh tine 
ago as 1871, with a fan-shaped Biases, 
against the flange. It is said { os 
caused dirt to collect and make a Sy 
for following engines, and the ex; on 
not continued. For several years ; the 
luth, Missabe & Northern Ry. has | 
what similar system, and we are ji; 
successful results. The 90-ton cons tion 
gines take ore trains of over 2,000 (bet 
the tender) down a 2% grade about 
long and having a number of curves. | 
this grade with brakes set, as well 
ing with heavy trains of empty cars, 
wheel flanges were subject to severe on 
a connection at the back head of the er 3 


pipes were led to the front and back ers t : 
pipes being drawn down at the end. to fo 
nozzles */is-in. diameter. With the iter jets 
in use the flange wear is said to ve 0 
greatly reduced. In ordinary ser 


enough water is used to moisten t 
there is said to be no trouble from 
slipping on the wet rails. If the rail \ 
a strong jet of water could be used : 
and so prevent slipping of the wheels 
arrangement has been applied to 60-: 
ing engines at the ore docks, these e: 
ing on sharp curves and through cros 


AN AUTOMATICALLY DUMPING PAN 
for charging a concrete mixer was 
by H. C. Lindsley & Son, of Kansas City, M 
tractors, in constructing bridge abutments o K 
City Belt Line Ry. The apparatus consis! entially 
of a steel pan of the proper size to hold the required 
charge or batch taken from barrows, of a 


ELEVATOR 
recently employed 


the pan is mounted and of a guide frame equ pped with 
the necessary sheaves, and ropes for hoisting and lower- 
ing the cage. In operation the pan is filled at ground 
level and then hoisted to the mixer level, where it auto- 
matically empties into a feeding chute. The cage is 
operated from the engine that operates ' oncrete 
mixer. The apparatus is being put on the murket by its 
designers. 


> 


RECENT FIRE TESTS made by the Britis! 


Fire Pre 


vention Committee on light steel rolling shu''er doors 
made by the Kinnear Mfg. Co., of Columbus, ©! howed 
that flames will not pass through or around h doors — 
although considerable heat is radiated, and that they can 
be operated after being subjected to high temperatures 
and strains by fire and water. 

Two tests were made, one with a 7 x S-ft. door fixed 
on either side of the opening in a wall 14 ins. thick, 
and the other with a door of the same sive fixed o2 
the inside of the opening only. The double door was 
heated for 4 hrs. while the single door was only heated 


2% hrs. The average temperature, after 2 brs, on the 


interior of the hut with the double doors was about 
1,700° F., while in the other hut the average was about 
1,500° F. 

LIGHT RAILWAYS IN ENGLAND are always 
“light” as far as construction works are conce:ned, and 
in some cases they appear to differ from main es only 


in being single track and having rather sharp 


grades. In a recent number of the London ° 

is a description of a line built by the Glasgow « Sou'h 
western Ry. as a feeder, 19% miles long, whic) has deea 
four years under construction. It is single tr> * with 
heavy bridges, but its rails are ‘“‘only”’ S0-Ib. po: yd. 
compared with the 90-Ib. rails on the main line. Toe 


maximum grad#s are 1.55%, and the sharpest ves are 
of 1,000 ft. radius. 
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The successful launch on June 8 of the new 
Cunard steamer “Lusitania,” the largest vessel 
ever built, is a noteworthy event in shipbuilding 
annals. As our readers will recall, this is one 
of the two new ocean greyhounds designed and 
built by the Cunard company at the instance of 
and with the cooperation of the British govern- 
ment, for the express purpose of regaining for 
British shipping the Atlantic speed record, which 
after being held by British vessels for many years 
was captured by the German steamship lines 
some ten years ago. 

The hull of the ‘‘Lusitania’” has the enormous 
length of 785 ft. over all, and her beam is 88 ft. 
These dimensions, with the extraordinary molded 
depth of 60 ft. 6 ins., give the vessel a displace- 
ment of 38,000 tons. Practically all the huge ves- 
sels which have been put on the Atlantic lines 
during the past half dozen years and broken the 
records for size have been cargo carrying boats; 
but these new Cunarders have been given this 
extraordinary size in order to carry sufficient 
propelling machinery and coal to break the At- 
lantic speed record; and not only to break it but 
to lower it to a point where no other country 
or shipping line will care to compete. In this 
great hull there will be placed 25 cylindrical 
boilers with a total grate area of 3,950 sq. ft. 
and heating surface of 160,000 sq. ft. These will 
burn 5,000 tons of coal on the transatlantic voy- 
age and will furnish steam to steam turbines 
of 68.000 HP, mounted on four propeller shafts. 
This is expected to give the vessel a sustained 
speed at sea of 25 knots. Assuming the distance 
from Sandy Hook lightship to Daunt’s Rock, ‘off 
Queenstown Harbor, at 2,775 knots, this speed 
would reduce the transatlantic voyage to about 
four and one-half days. 

The sister vessel to the one just launched, the 
“Mauritania,” will take the water a month hence 
and it is expected that both these great ships will 
have their propelling machinery in place and be 
ready for service in the spring of 1907. 


The heat problem in the New York subway 
is such a novel problem in engineering and 
knowledge concerning it is of so much importance 
in view of the rapid extension of electric tunnel 
traction, that Mr. Rice’s report on the subject, 
Printed in our last issue, will certainly be care- 
fully studied by the engineering profession. 

It is rather remarkable that the problem, in 
definite form, has not been encountered before. 
As we pointed out a year ago, until the summer 
of 185 it had been tacitly assumed that the 


New York subway was to be a cool and agree- 
able retreat during the sweltering days of July 
and August. Indeed, if we mistake not, among 
the multitude of prophets who foretold disaster, 
while the subway plans were still being fought 
over, there were those who averred that the sub- 
Way would be so chilly in summer that the sud- 
den change from the hot air of the streets would 
create an epidemic of pneumonia among subway 
travelers. As we showed a year ago, the subway 
is warmer than the streets and not colder, be- 
cause there is being constantly poured into the 
six-mile section from Brooklyn Bridge to 96th St., 
according to the estimates of Mr. Rice’s report, 
over 25,000,000 heat units per hour, on the aver- 
age for the whole twenty-four. This is equiva- 
lent to the total heat given out from the combus- 
tion of nearly two tons of coal per hour. 

The reason why the New York subway is hot 
is because the heat is poured into it faster than 
it is carried off by conduction into the ground 
and through change of the air. The reason why 
the Boston subway and other subways have 
never been uncomfortably warm, is probably 
because of the smaller amount of electric power 
used therein, meaning a smaller amount of heat 
liberated, and because the heat has passed off 
more rapidly owing to the lower average tempera- 
ture. Boston may have an occasional summer 
day with as high a temperature as New York; 
but the average summer temperature is con- 
siderably lower than New York. The same thing 
is true of London; and it is also true that the 
London tube railways with their cast-iron lining 
in direct contact with the London clay probably 
conduct the heat away more rapidly than tun- 
nels through loose earth lined with masonry 
and waterproofing like the subways of New York 
and Boston. The only other electrically operated 
subways antedating the New York subway are 
those of Paris and Budapest; and while the 
temperature is higher in those cities than in Lon- 
don, the amount of electric current used is far 
below what is used in New York. It will be 
understood, of course, that the energy used is 
quite largely dependent on the rate of accelera- 
tion; and the very high acceleration adopted 
in New York in order to cut down the schedule 
time between terminals, is to no small degree 
responsible for the difficulties now being experi- 
enced with subway heat. 


a 
> 


In studying this problem a year ago, from 
the meager data then available to us, we con- 
cluded that the bulk of the heat passed off from 
the subway bzy-change of the air. Mr. Rice’s studies 
appear to show that most of the loss of heat is 
by conduction through the floor, sides and roof of 
the subway, particularly the latter, and that 
only a small portion of the loss of heat can be 
credited to the change of the air. We are speak- 
ing now, of course, of summer conditions. In 
the winter the subway temperature is often lit- 
tle higher than the average ground temperature, 
while there is an average difference of 25° be- 
tween the subway and the outsige air. It would 
seem, therefore, that at this time a large part of 
the loss of heat from the subway must be due 
to the change of air, although, of course, the loss 
of heat through the roof is much greater than in 
summer. 

The possible effect of the gradual accumula- 
tion of the heat in the ground surrounding the 
subway, to which we referred a year ago, is a 
matter deserving further investigation. The en- 
gineers concluded from their study of the con- 
duction constants that since most of the subway 
heat passes off through the roof the deepest 
sections of the tunnel ought to be the hottest. 
On the contrary, the deep section under Murray 
Hill is the coolest portion. The reason ascribed 
for this is the presence of moving ground water, 
in that deep section, which carries off the heat. 
It seems to us doubtful whether this is the true 
explanation. As we understand it, this section 
of the subway is a tunnel through rock, more 
or less seamed and broken it is true, but with 
no such opportunities for the presence and move- 
ment of ground water as might exist in sections 
of the subway farther down town, near Canal 


St., for example, where the structure is sur- 
rounded by sand. 

What appears to us a more likely reason for 
the lower temper&ture in the tunnel under Mur- 
ray Hill is the fact that the solid rock through 
which the tunnel is driven is a much better con- 
ductor of heat than the earth through which the 
southern part of the subway is made. It is true 
that other portions of the subway are in rock 
excavation, but they have a rectangular cross- 
section and more or less loose filling around 
them, whereas under Murray Hill the subway is 
two separate double-track circular tunnels. 


The heat problem in the New York subway is 
of interest, of course, because of its bearing on 
future city subways and other electrically oper- 
ated passenger tunnels. The new tunnels of the 
Pennsylvania R. R. entering New York City, 
for example, will have powerful electric loco- 
motives and doubtless a dense traffic. Will its 
cast-iron lining and location in the mud under 
the river suffice to carry off the heat and keep 
down the temperature? If it does not, the cooling 
of the tunnel by change of air will be vastly more 
difficult than on the Rapid Transit subway, with 
its frequent stations and close proximity to the 
surface. 

The New York Central's new tunnels also will 
have a very dense traffic, and their cooling, in 
case overheating should exist, would be far from 
an easy problem. 

In Philadelphia, with its higher summer 
temperature, trouble with heat in the subway 
may be expected before traffic increases to nearly 
the density of the New York subway. 

The St. Clair tunnel will prabably escape all 
trouble because of the low temperature of the 
locality, the cast-iron lining of the tunnel and 
the fact that the tunnel being a submarine one 
lies in saturated ground. Observations of 
temperatures in this tunnel, however, will be 
of great interest to indicate what is the rate of 
heat loss through the tunnel walls under such 
conditions. 
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The bill removing the internal revenue tax 
from alcohol used for mechanical or industrial 
purposes has passed Congress and been signed 
by the President, and it will doubtless have the 
most important commercial results of any law 
enacted by the present Congress. In order to be 
free of tax the alcohol must be “denatured” 
under direction of Government officials; that is 
treated by some process which will so change 
its nature that it will be impossible to use it 
for drinking in any form. In the testimony be- 
fore the Congressional committees, much has 
been made of the probable use of alcohol for 
small internal combustion engines instead of 
gasoline. It is doubtful, however, whether any 
considerable commercial success is possible in this 
field, at least until the price of gasoline goes 
much higher. It is the excessively high price 
of gasoline in Germany that has led to the de- 
velopment of the alcohol motor there. It is true 
that alcohol can be produced at a very low cost 
from sugar refinery wastes and similar sources; 
but such alcohol made in this country will be all 
absorbed by the paint and varnish and chemical 
trades at much better prices than the automobile 
owner could afford. 

For lighting purposes the alcohol lamp with 
incandescent mantle has a more promising field, 
and promises to become an important supplement 
to kerosene in places where gas or electricity 
or acetylene are unavailable. 


REDUCING THE COST OF CENTERING AND FORMS 
IN REINFORCED CONCRETE BUILDING WORK. 
Instances are not uncommon in reinforced con- 

crete building work where the cost of centering 

and forms amounts to one-half the total cost of 
construction. Ways and means for reducing this 
tax are evidently worthy of the most careful 
thought, yet while we have had volumes of dis-. 
cussion on the theory and calculation of beams 
and columns and arches in reinforced concrete, 
there is an almost total lack of printed infor- 
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mation on economical form work or the cheap 
manufacture, handling and placing of concrete 
and its reinforcement. It is not expected to 
supply this deficiency here, but in view of some 
recent attempts that have been made to eliminate 
the undue proportions of the cost of form work 
a few remarks on this problem will be presented 
for consideration. 

The cost of form work for buildings may be 
roughly divided into cost of materials, cost of 
fabrication and cost of removal. About the only 
chance of reducing the cost of materials lies in 
lessening the amount of material used. In re- 
spect to cost of fabrication and erection, econo- 
mies may be obtained generally by planning the 
forms so that the maximum amount of the work 
of fabrication is done in regular shops where 
machine and piece work economies are possible, 
and so that in erection unskilled labor can be 
made use of to the greatest possible extent. 
Generally speaking, forms that are designed to 
permit of rapid and easy erection will also permit 
of rapid and easy removal. These points will, 
perhaps, be made clearer to many if we develop 
the discussion briefly. 

For general building work of concrete molded 
in place, no other material for forms takes the 
place of wood. The conditions are such that 
despite the most careful attention to duplication 
of shapes and dimensions in structural details, 
the form work must be altered more or less from 
story to story. In shifting operations from build- 
ing to building, the necessity for alterations is 
obviously even greater. No other material lends 
itself to these alterations with so little waste and 
so small an expenditure in labor and plant as 
does wood. Wood, therefore, is essentially the 
standard material for form work. No reduction 
in the price of this material seems possible; in 
fact lumber of all kinds has increased in price 
in the last year or two, and everything points 
to a continued increase. Hence it is that about 
the only means that lies open for reducing the 
cost of materials consists in lessening the amount 
of material used. A little later some of the 
methods of reducing the amount of material used 
will be indicated. 

Turning for the moment to a consideration of 
the means for reducing the cost of fabrication, 
it is clear that material economy may be effected 
by planning the forms so that they can be built 
in regular shops. If the fabrication of the whole 
mold ready for use in this way is impracticable, 
it is at least possible to purchase the lumber cut 
to dimensions ready for assembling at the work 
and thus obviate all but the simpler carpenter 
work. To facilitate erection and removal of 
forms, eliminate nailing. By using bolts and 
nuts, clamps and yokes, nailing has been almost 
entirely done away with in much recent form 
work. This brings two advantages; the erection 
and removal can be trusted to unskilled labor 
working under an experienced foreman, and there 
is less destruction of the lumber, a serious mat- 
ter when nailed forms have to be wrenched and 
pried apart. Of course, this all involves thought 
and planning, but where the falseworks aggre- 
gate in cost half the cost of the whole work, 
thought and planning are warranted. 

Ip reference now to specific methods of re- 
ducing the amount of materials for form work, 
the first method that will occur to all is to make 
repeated use of material. It may be said at 
once that this method has already been very 
carefully worked out by the larger builders of 
reinforced concrete structures. They in many 
cases have so standardized and systematized 
their work that an exceedingly small amount 
of form work is made by repeated use to serve 
for a very large job, and then to a large extent 
be shipped to succeeding jobs. This again to be 
worked successfully requires study and planning 
of the highest character. 

So far we have spoken of the form work as an 
independent structure from the permanent build- 
ing and this, of course, is exactly what it is in 
the majority of building work. Recently, how- 
ever, considerable attention has been given by 
practical builders to arrangements whereby the 
forms are designed to be erected and to remain 
a part of the permanent structure. The begin- 


nings of this idea were, perhaps, in connection 
with buildings having brick walls and reinforced 
concrete floors and framework. By building the 
walls first and leaving spaces for the wall col- 
umns and girders it was found possible to make 
the spaces serve in lieu of timber forms. The 
higher development has been to cast the shell 
of the form in reinforced concrete which re- 
mained in place as a part of the structure. Like 
many other developments in reinforced concrete 
work this one had its origin in Europe, but it is 
of a single American example that we propose to 
speak here. 

In constructing the interior columns of a fac- 
tory building recently erected by the Bush Ter- 


“minal Co., of Brooklyn, N. Y., cylindrical shells 


of cinder concrete 1% ins. thick and cast in 
proper molds were set end on end to the proper 
height to form a mold for the column concrete. 
Spiral reinforcement was adopted for the col- 
umns and this was molded into the shell so that 
the placing of the column form also placed the 
column reinforcement. There was gained at 
once by this scheme of form work a cinder con- 
crete fireproofing for the column, the placing of 
the form and reinforcement in one operation by 
unskilled laborers, and the elimination of all 
labor for removal of forms. As for the shells 
themselves, their cost was certainly not greater 
and was probabiy less than would have been 
cylindrical molds in wood. 

With all the reduction possible in material and 
labor the centers and forms for building work 
of concrete molded in place are very costly. In 
Europe for some time and recently in this coun- 
try attention has been turned to the possibilities 
of building construction of columns, girders and 
slabs separately molded and erected much as 
would be similar members in steel or timber. 
Whatever may be said in other respects of this 
type of construction as compared with mono- 
lithic concrete construction in place, it certainly 
has the advantage of reducing the cost of form 
work. As a specific illustration of this fact we 
have some recent work described by Mr. E. P. 
Goodrich, M. Am. Soc. C. E., in an address to 
the Association of American Portland Cement 
Manufacturers at Atlantic City, N. J., this week. 

Mr. Goodrich had to construct for the Bush 
Terminal Co. of Brooklyn, a number of one- 
story warehouses with ground floors of con- 
crete brick walls and reinforced concrete slab 
and girder roofs on interior columns. All the 
reinforced concrete columns, girders and roofing 
slabs were cast on the ground and then erected. 
Mr. Goodrich’s account of the work was sub- 
stantially as follows: For molds for columns 
cast on one side only three pieces were needed 
in place of four that would have been neces- 
sary had the columns been molded upright in 
place; this effected a saving of 25% in materials 
for molds, besides doing away with clamps, bolts 
and bracing. Another advantage obtained by these 
column forms, which was also shared’ by girder 
forms, was that the side boards could be re- 
moved after 24 or at the most 48 hours, and 
used again two or three times during the in- 
terval which they must have been left in place 
if the molding had been done in place. This 
alone saved 50% in materials for forms, as only 
the narrow bottom pieces were needed in any great 
numbers. A much greater saving was made in the 
centering for the roof slabs. The concrete ground 
floor was laid as soon as the columns and girders 
had been erected. On this flat surface ordinary 
building paper was spread and the roof slabs 
marked out by narrow strips of wood of a height 
just equal to the desired thickness of the slab. 
The reinforcing rods were then placed and the 
concrete deposited. Altogether these various 
savings reduced the cost of the building to one- 
quarter of what it would have been if built with 
forms in place. 


LETTERS TO THE EDITOR. 


Reinforced Concrete Piles at the Atlanta Terminal Station. 


Sir: In view.of the article on reinforced concrete work 
at the new railway terminal station at Atlanta, Ga., pub- 
lished in Engineering News of April 12, we beg to call 
your attention to the following facts: The reinforced 


concrete piles and the means employed in 


as described, are covered by the U. S. Lett. ® them, 


611,909, granted on Oct. 4, 1898, to Franco ' wi 
and now owned by this company. Accord Nh 
spring of 1905 suits were brought both aga tho 
more Ferro Concrete Co. and the Atlanta baer 
for the infringement of this patent by the ee 
Atlanta, The suit against the Baltimore F ae 
Co. was settled by the payment by it to u-; Kc “4 
lar license fee of 10% on the total contra : ot the 
piles in question, and the entry, on May . 5, of : 
decree which adjudged the validity of our ; and = 
infringement, awarded costs to us, and o- 
petual injunction against the Baltimore F. suites 
Co. The suit against the Atlanta Termina! « is there. 
upon discontinued. Very truly your ii 
Hennebique Construction © y., 

R. Baffr: esident 

1123 Broadway, New York, N. Y., April? 

Reinforced Concrete Arch Culvert 

Sir: In your issue of May 24, Mr. Lu makes a 
-very able comparison between a _ reinfo: concrete 
beam and reinforced concrete arch, as use railroad 
culverts. The wri‘er would like to sugge an im- 
provement in Mr. Luten’s arch, the use of gmental 
rather than semi-circular arch. A true a of more 
than 120° is impossible. (Baker, ‘‘Treatise Masonry 


Construction,’’ Art. 631-2.) The length of i: of 
segmental arch is considerab'y shorter tha: . length 
of imtrados for a semi-circular arch of the «ame spay 
Doubtless some would argue that the abui 
segmental arch should be heavier than fo: 


nt for a 
circular 


arch, which would be true if there were no th filling 
back of the abutment. However, frequent! fact, in 
most cases, the abutment for railway arch « rts must 
be made heavier to resist the earth pressur un would 
be required for the arch thrust. From this it woulg 
seem that the segmental arch would allow evin a lighter 
abutment than a semi-circular arch as the segmental! 
arch thrust would take up some of the thru:t resulting 


from the earth filling; however, the writer would no: 
recommend a reduction of the abutment below what is 
required for resistance of the thrust of the embankment 

Referring to Mr. Luten’s method of proportioning 
eulverts: He limits the fill to 10 ft. over crown of arch. 
I should like to inquire what addition is necessary for 
heavier fills; say fills of 50 ft. over crown. 

Yours very truly, B. F. Beckman, 
Engineer, Maintenance-of-Way, Ft. Smith & Western 
R. R. 
Ft. Smith, Ark., May 31, 1906. 


A Convenient Method of Finding Square and Cube Roots. 


Sir: As it is not always convenient for engineers to 
consult a table of squares in feet and inches, I give herein 
a short method of finding square and cube roots of num- 
bers by using an ordinary table of squares and cubes 
found in nearly every handbook. I have used it for sev- 
eral years and have found it convenient and sufficiently 
accurate for all ordinary purposes. I have never seen it 
published, so submit it for your columns. 

For square roots the method is as follows: Find ina 
table of squares the square nearest to the number whose 
root is desired. Take the difference between the given 
number and the nearest square in the table and 
divide it by twice the number in the table, which is the 


‘exact square root of the square chosen. The quotient 


will be the correction to be added to or subtracted from 
the exact root given in the table. 

For example; suppose the square root of the sum of the 
two numbers 9362.83 and 9774.71 is required. The 
sum of these two numbers is 19137.54. The nearest 
number in the table of squares is 19044. The differ 
ence is found to be 93.54 and the square root given in 
the table is 138. Dividing 93.54 by 2 x 138 gives 238) 
and this added to 138. gives 138.3389, the rovt desired 
The exact square root of the given number is found to be 
138.3885, which differs from that found by ‘the short 
method by .0004 which corresponds to an error of about 
1-200 of an inch if the original numbers given are in feet. 
The error will seldom be greater than this for numbers 
of this size and will often be much less. 

The process of arriving at this approximate method ts 
as follows: 

Let M? = the number whose square root is desired. 
M,? = the nearest square given in the table 
x = the square root of M;%, given in the table. 
ar= 
sired root. 
Then M?=(x+Arx)* 
AX 
Also M,? = x? 
Subtracting, Ax 


and Ax=M?—M, Ax 
2x 2x 


the correction to be applied to x to get the de 
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¥ 
i yw small compared with x the term 
Since 2x 
M?— M? 
is dropped = 
The cube may be found in a similar way, the 
equation fo correction being 
—Mg_ 
AX , Mg, Mz, and x, all being given, 
3 x* 
As an ex , the cube root of the number 19137540 
by this me is 267.4834. The exact cube root is found 
267.45. giving a difference of .0009, about 1-100 
of an inch e givé number is in feet, 
“The post yf the decimal point in all cases must be 
determined inspection. 
Sincerely. yours, H. E. Eckles. 
Pridge De c., B. & Q. R. R., Chicago, Ill., May 
2, 1% 


4 Method of Desigaing Reinforced Concrete Columrs, 


Sir: In your issue of April 26 “Engineer,’’ of Toronto, 
suggests a method of design of reinforced concrete 
columns. » writer feels that there are a number of 
deficiencies the theory propounded and wishes to sug- 
gest a few queries and possible modifications. 

(1) It is well known that the stress-strain diagram for 
concrete of toost mixtures and ages is not a right line. 
In fact, it so far differs from a right line, that concrete 
columns which have been tested to destruction, and on 
which careful measurements of the actual compression 
were taken during the process, showed conclusively 
that the steel was not carrying more than one-quarter 
of what it would have been intended to do according to 
the hypothesis of ‘‘Engineer.’’ Thus the 15 assumed by 
him “for the sake of argument” is almost as far wrong 
as the specification quoted in his letter, 

(2) The writer has never seen a concrete column fail 
by a shearing im the manner described by “Engineer” 
along the plane of theoretical maximum shear, even 
when no steel reinforcement was employed. The writer 


would be most interested in hearing of the results of. 


such tests if others know of them. In the writer’s ex- 
perience failure has always occurred by the methods of 
“bulging,”’ mere or less modified. 

(3) Allowing for the moment the possibility of failure 
along a diagonal shearing plane, how is the shear in the 
concrete to be transferred to the steel? Manifestly, the 
two steel bars shown in the diagram prepared by ‘‘Engi- 
neer,”’ which are near the upper end of the plane of shear 
can afford practically no assistance in preventing shear. 
The two bars near the lower end of the plane will be 
certain to be pushed out of the side of the column unless 
tied to the others by very strong ties. This point might 
provide ‘‘Engineer’’ with a basis for the computation of 
his ties, But further, how is the shear in the concrete 
to be transmitted to the two steel rods which might offer 
some assistance? Only by the bearing of the concrete 
against the sides of the rods. But what length of rod is 
to be considered as providing such bearing and what is 
the allowable stress for such action? Some experiments 
lately conducted by the writer showed conclusively that 
the additional shearing resistance due to steel rods was 
very small—practieally nothing. 

The best place in a column for reinforcement rods 
designed to take up shear is at its center. 

If “Engineer” will consult the report of Considére’s 
tests (“Experimental Researches on Reinforced Con- 
crete,’ by Armand Considére, McGraw Pub. Co., New 
York, N. Y.) he will find a more or less ‘“‘rational method 
of obtaining the bulging or swelling force at the cir- 
cumference’’ which he may find interesting. 

Yours very truly, 
E. P. Goodrich, 
Chief Engineer, Bush Terminal Co. 
Foot of 43d St., Brooklyn, N. Y., April 30, 1906. 


> 


Sir: In a letter by “‘Engineer,”’ published in your issue 


of April 26, a method of designing concrete-steel columns 
is given which, in my judgment, has serious faults. Theo- 
retical calculations as to the exact or even approximate 
relative loads that will be taken by steel and concreve, 
both in compression in a member, are all upset by the 
fact that the concrete shrinks in getting and puts the 
steel under an initial compression, also by the fact as de- 
termined by experiment (Considére’s, for example) that 
longitudir ‘| rods embedded in a concrete column add 
little or no compressive strength. 

Even as suming that more than 25% of the load is taken 
‘n compression by the steel, as found by “Engineer,” 


‘bere is another fault or omission in the deduction. It 
re ‘he amount of shear taken by the concrete and 
rca pectively, Assuming a column of 109 sq. ins. 
cae by the method given by ‘‘Engineer.” It will 
ins. of steel reinforcement. The direct load 


Mi by steel will be about 19,000 Ibs. and that taken by 
“i concrete about 49,000 Ibs. The steel thus takés 28% 
of the load. Of the 49,000 Ibs. of shear in the diagonal 


direction the steel takes 42,000 lbs. and the concrete 7,000 
Ibs., roughly. The steel thus takes a shear correspond- 
ing to about 86% of the load. How does this extra 
shear get into the steel? In amount, for this case, it is 
86 — 28 = 58% of 49,000 or 28,000 Ibs. on the side of four 
rods about %-in. square. The pressure for this extra 7,000 
Ibs. per rod must come from the concrete. This force, if 
it had any actual existence, would break the rod out of 
the side of the column. 

The same line of reasoning applies against so-called 
shear bars as a means of transferring stress in rods into 
the concrete. How can steel be stressed to 12,000 Ibs. 
per sq. in. in shear when that force would put a pressure 
on the concrete which it is unable to stand? Rods in 
any and every direction that tie concrete together and 
thus prevent disintegration will of course aid in the 
strength, especially in the way of deferring ultimate 
failure. If s‘irrups strung along a reinforcing rod in a 
beam defer ultimate collapse or distribute cracks that 
would otherwise be concentrated in a few points, it is not 
warrant for assuming that they are in shear, under safe 
loads, in amounts that would crush the concrete. We do 
not gage the supporting power of a nail driven in wood by 
the shearing strength of the nail but by the bearing 
power of the wood. Yours very truly, 

Edward Godfrey. 

Monongahela Bank Bldg., Pittsburg, Pa., April 27, 1906. 


[Proofs of the above letters were submitted to 
“Engineer” and his reply follows.—Ed.] 


Sir: The reinforced concrete industry, while compara- 
tively new in this country, has been vigorously pursued 
since its inception, and the general principles of econom- 
ical design are now being rapidly brought into compact 
and workab’e form. Surely there must have been dur- 
ing this period American engineers or contractors who 
have made or witnessed more or less extensive tests on 
reinforced columns, and these should be in a position to 
give the profession valuable information from which we 
may be able to deve'op a rational formula for column 
designing. It is the almost total lack of such informa- 
tion (from American sources) which, as the writer 
stated in his article of April 26, prompted him to submit 
the discussion contained therein. 

This discussion was founded on purely theoretical 
assumption, and the writer has to thank your corre- 
spondents for the possible flaws which they have found 
in it, while at the same time confessing to a feeling of 
disappointment in that they have apparently overlooked 
the main point, which was to ‘“‘evoke a general discussion 
of the best methods of designing reinforced columns.”’ 

Mr. Godfrey and Mr. Goodrich have told the writer 
wherein his theoretical discussion is weak, and Mr. 
Gooirich confesses to having had experience with 
columns that failed by ‘‘bu'ging.’’ Will’ they now 
assume a vertically imposed load of 32,000 Ibs., as dii 
the writer, and design a column to safely support it? 
We can then see how far their results differ from those 
obtained by the writer’s analysis. 

Replying to Mr. Goodrich’s letter: It is a well-estab- 
lished fact that the modulus of elasticity of concrete in 
compression is not a constant quantity, and that the 
stress strain curve is somewhat closely related to a 
parabola, but that portion of the strain curve between 
a very moderate unit stress and the stress of safe work- 
ing loads is so very nearly a straight line that we can 
assume it to be so without material error. As for the 
ratio 15 between the modulus of elasticity of steel and 
that of concrete, the writer has followed closely the 
recommendations of Professors Hatt, Talbot, Captain 
Sewell and others, and Mr. Goodrich himself in his re- 
cent discussion of Captain Sewell's paper on ‘‘econom- 
ical design of reinforced concrete floor systems’’ (Pro- 
ceedings of the American Society of Civil Engineers, 
March, 1906), states that he believes a ratio of less than 
15 to be really too small. 

It would be interesting if Mr. Goodrich would give us 
more explicit information regarding the size, reinforcing, 
age and loading of the columns which in his experience 
failed by bulging, and also the experiments which showei 
that the additional shearing resistance due to steel rods 
was practica'ly nothing. 

If we are to conclude from his statement in para- 
graph (1) that the steel actually carries less than 25% 
of the total loading attributed to it by the writer’s hypo- 
thesis which allowed it about 28% of the total load of the 
co'umn, then the steel is actually carrying only 7% of 
the imposed load. If such a condition actually exists it 
will be more economical (in money cost) to omit the 
steel altogether and build a solid concrete column. 

This supposition is followed up by Mr. Godfrey, who 
adds that “longitudinal rods embedded in a concrete 
column add little or no compressive strength.”” Is it 
possibie that we are all “barking up the wrong tree”’ in 
attempting to reinforee conerete columns. When Mr. 


Godfrey says ‘‘this force, if it had any actual exist- 
ence, would break the rod out of the side of the column,’’ 
he is losing sight of the tie rods which are there for the 
purpose of preventing any such lateral motion. 

The writer has had prepared a series of concrete 
columns reinforced in various manners and varying in 
length from 10 to 24 times the least side, which, along 


with some beams, will be tested by one of the leading 
technical schools during the coming autumn. 

Will some of the professors suggest a practical method 
of accurately determining just what proportion of the 
imposed load on a test column is being taken by the 
imbedded steel. Very truly yours, 

Toronto, Ont., June 7, 1906. 


““Engineer.”’ 


> 


A Threatened Change in the Channel of the Missouri 
River at the Blair Bridge, Nebraska. 

Sir: No doubt many of your readers will be inter- 
ested as I have been in a dispatch pubiished in to-day’s 
New York ‘‘Times,"’ dated at Blair, Neb., June 10 and 
reading as follows: 


A thousand men with teams have been working for 48 
hours to prevent the Missouri River from changing its 
course and leaving this town five miles west of the 
channel and the big Northwestern railroad bridge merely 
spanning dry land. 

Nearly a week ago the Missouri began cutting into the 
Iowa bank rapidly. The Northwestern bridge train 
came at once and 200 men were put to work, making 
riprap and dumping stone and sandbags in the way of 


the span. Friday night 500 yards of dike were carried 
away, and Saturday morning the force was increased to 
1,000 men. 


There are several old channels in the valley here 
where the Missouri ran fifty years ago, and the stream 
has taken a sudden notion to go back into one of these 
dry beds. If it succeeds the loss will be very great. 

The Blair bridge was designed by the late Geo. S8. 
Morison, and built in 1884 by the Keystone Bridge 
Co., the construction and erection being in charge of 
the writer. 

The resident engineer of this bridge was the late H. 
W. Parkhurst, whose portrait and biography were pub- 
lished in our issue of April 19. This bridge was de- 
signed to cross the Missouri River two miles from Blair, 
Neb., by three 330-ft. spans which were considered to 
provide ample flow for the river in flood and were suf- 
ficiently high above water to allow of the passage of 
the river steamers. 

The site of the bridge was selected as the probable 
permanent location of the channel of the river, which 
was known to be very erratic in the changes of loca- 
tion of its channel. About 28 years earlier it had cut a 
channel near the foot of the bluffs forming the left sido 
of the valley; again at a more recent date it cut a new 
channel through the prairies about in the center of the 
valley, and when this again closed naturally the river 
resumed its channel near the foot of the bluffs. 

However, when the bridge was well under way and 
the high piers were nearly finished the river began to 
cut the left bank violently above the bridge site and it 
was deemed advisable to construct a stone dike above 
the bridge costing about $250,000, across the old slough 
still plainly visible, to guard against any possible dam- 
age to the bridge or the expensive earth embankment 
about 70 ft. high leading to it. To afford a passage for 
water which might possibly flow around the end of this 
dike at high flood, an open trestle was built in the line 
of the earth fill carrying the road bed. 

It had been proposed to build the large trusses on 
temporary Howe trusses resting on pile piers at the 
center of each of the large spans and along the face of 
the stone piers of the bridge proper, rather than depend 
entirely upon falsework resting on piles in the river. It 
was necessary to keep one span clear for navigation and 
there was sufficient channel depth under the two westerly 
spans. 

The work was commenced at the West span, and to 
the surprise of all the channel suddenly sanded up under 
it and soon became practically dry, as the water also 
fell slightly. Before the middle span was commenced 
the channel under it had shifted to the East span and 
there was so little water under the former that it was 
erected on pile trestles instead of on the Howe trusses. 

This left one pair of Howe trusses unused on the bank, 
and the first pair was removed from under the West 
span to support the East span still to be built, as the 
water under it had become the main channel of the 
river. 

About this time a rise occurred in the river, and the 
writer investigated its action above the bridge site. A 
great quantity of foam and sand was coming down 
stream, and the conditions gave all hands some concern. 
The Chief Engineer soon arrived to examine the progress 
of the bridge and also the action of the river. It had, 
however, become more quiet by the time he arrived, and 
it was concluded that the stone dike was able to hold 
its own. The spare Howe trusses came to the notice 
of the chief engineer, and as it was now plain that 
there would be no use for them in this bridge, the 
question as to what was to be done with them came up. 
The writer, talking with the Chief Engineer, made the 
apparently off-hand suggestion: ‘“‘Why not leave the Howe 
trusses where they are; they may perhaps some day 
come in handy to replace the pjle trestle in the gap in 
the earth embankment, should the river later on come 
around the stone dike and cut through to destroy the 
trestle, or else move them to Missouri Valley, where they 
would come in handy should the river take it in mind 
to leave Blair Crossing high and dry, and cut through ita 
old channel on the west side of the valley.’ 
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This was more than the chief engineer could stand, 
and in bis usual bluff way, after some puffing and grunt- 
ing, he gave vent to criticism of the impertinence of 
some young engineers, who always were wiser than 
their seniors. The fact is, however, that before these 
trusses were removed, which was not undertaken that 
year, the river did wash out the trestle in the earth 
approach, and these trusses were utilized to replace it. 
If the above newspaper report is authentic, it is quite 
possible that the Missouri River may do now what the 
writer suggested 22 years ago, leave the Blair Crossing 
bridge on dry land by cutting a new channel on the 
other side of the valley. 

Yours truly, Gus. C. Henning. 

1%) Nassau St., New York City, June 11, 1906. 


TESTS OF THE STRENGTH AND FIREPROOF QUALITIES 
OF SAND-LIME BRICK.* 


By Ira H. Woolson, M. Am. Soc. M. E. 


The very rapid and widespread growth of the sand- 
lime brick industry in the United States during the past 
two or three years has servei to bring this new product 
before the building public with a suddenness that has 
caused astonishment and at the same time distrust. Sur- 
prise arose from the fact that such quantities of fine 
looking building material should be produced so rap.dly 
from a sand bank, and doubt regarding its quality re- 
sulted from the fact that its method of manufacture was 
so radically new. Building superintendents and inspec- 
tors in all our large cities have been confronted with 
the problem of deciding whether to accept or reject this 
new product for use in their territory. The task has 
been, and is, far from a pleasant one for a conscientious 
man who desires to be true to his public trust and at the 
same time just to the man who persistently urges him 
to accept his new material as the equal of those whose 
durability has been proven by centuries of use. 

This perplexing situation produced a demand for in- 
formation regarding the physical properties of the nev 
material which it was impossible to supply. A few iso- 
lated tests had been made upon it in different places, but 
as a rule the tests, as made public, were incomplete, and 
gave little information beyond the crushing strength. 
Data of this kind is of little use in determining the 
merits of bricks made at different factories and often 
by different processes. This was the condition of affairs 
which faced building superintendents and architects two 
years ago and in a large measure still exists although 
there have been several careful investigations made by 
different experimenters. In New York City we began 
to make numerous tests of various kinds upon sand-lime 
brick, but were at a loss how to interpret the results ob- 
tained. There were no specifications of quality for com- 
mon clay bricks and we were in the embarrassing situa- 
tion of having no standard by which to judge the merits 
of the new brick. As a consequence of this dilemma I 
was delegated by the Bureau of Buildings to make a. 
full series of tests upon 15 varieties of common clay 
bricks selected from stock delivered at the buildings 
where they were to be used; this precaution of selection 


FIG. 2. VIEW OF FIRE TEST HOUSE SHOWING ARRANGEMENT OF BRICKS IN TEST WALL. 


verse and crushing strength in normal condition. Ab- 
sorption, and crushing wet after absorption, also freez- 
ing and fire tests were performed. Upon the data ob- 
tained from these tests and such information as had been 
gained from previous tests of sand-lime brick, the 
Bureau of Buildings framed a set of requirements that 
sand-lime brick must meet before they could be approved 
for use in the city. The re- 

port of these tests with the 

specifications, adopted by ihe 
Time. Bureau of Buildings, was 
published in full in Engi- 


ao neering News of April 13, 
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Fig. 1. Diagrams Showing Results Fig. 3. Diagram Showing Range of 
Temperature in Fire Test. 


of Tests of Sand-Lime Bricks. 


was taken to insure the samples being a fair average. 
The tests were made with much care and included trans- 


*Paper presented at the Second Annual Meeting of the 
National Association of Manufacturers of Sand-Lime Pro- 
ducts, held at Detroit, Mich., Dec. 5, 6 and 7, 1905. 

+Adjunct Professor of Mechanical Engineering, Colum- 
bia University, New York City. 


ENG. News. of rupture and 4,000 Ibs. 
for compression, or a drop 
of 1674% in transverse and 
60% in compression. Subse- 
quent tests upon several lots 
of like grade brick, part from New York and part from 
Philadelphia, confirm these figures. The actual data 
were as follows: Forty-nine specimens gave an average 
modulus of ruputre of 473 Ibs, and 64 specimens in 
compression gave an average strength per sq. in. of 
3,143 Ibs. These are a little lower than the former 


teresting features, one of 


results, but the p oportion of pale burn was 


higher. I mention these facts to call attentiv 
desirability of a radical change in the figure 
strength of common brick as usually quoted 
characteristic of all these tests was a lack of 
ity in both the transverse and crushing 


was not unusual to find the strength of some 


two or three times that of their duplicates. T 
tion was more apparent in the transverse test 


a litt 
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After the adoption of the specification for tests of 


sand-lime brick by the Bureau of Buildings of New York 
City, and the subsequent endorsement of the same by 
the Bureau of Philadelphia, a number of tests were un 
dertaken for different manufacturers in an effort to pass 
the requirements. They met with varying success. “4 
present three companies have received approval of ther 
product. The wide variation in results obtained by dif 
ferent makers soon made it apparent that a systemate 
series of tests upon these bricks, similar to those already 
reported upon clay brick, together with a full size fire 
test, would be very useful in establishing the status of 


this new product. 


Accordingly at the request of your executi\: 


tee I undertook to make the investigation 


This paper is simply a description of the te:'s 


and a discussion of the results obtained. 


The method of making each test is explained | 
so a full understanding may be had of the en! 


search. My excuse for this rather lengthy 4 
that I find many of the sand-lime brick m»: 
are new at this line of business and cons« 
familiar with the general procedure and 


necessary in making such tests to insure relia! 


Seven varieties of sand-lime brick were sh‘) 
in lots of 300 to 800 by members of your 
and fo these were added five kinds of 


Three lots of clay brick came from Philadelph + 


lots from the Hudson River district. These ! 


secured through the exertions of your efficien' 
Mr. Duerr, and were intended to represent av: 
of the different types of brick. Each varie’) 


bricks was des'gnated by a letter, and thro! 
paper reference to them will be made by letter 
commercial rgasons it would be unjust to 
trade name. 
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CRIPTION OF THE BRICK. 
carrying 2-10% of loam; not ground, quartz pebbles. 
; a 60 mesh screen; fine grain brick; G. Bank sand ground; 35% passed 60 mesh sieve; con- 
vs at 120 Ibs. pressure; 6% of lime. 
like molding sand; 
a little loam; fine grain brick; hardened H. 
bs. pressure; 10% of lime. 
} with about 5% ground fine; no loam; used and 5% 
prick indicated a medium coarse sand; 
« at 150 Ibs. pressure; 5% lime used. 


A Bank 
put will 4 
pardened 1 
Bank 
ground; co! 
§ hours at 
c. River 
appearance 
hardened 7 


p. Rivet i varying from very fine to coarse; ” and good quality. 
ac ontains small percentage of loam or clay; : 
grinding grain brick; hardened 10 hours at 125 I,. Philadelphia Hard-burn Brick; rather coarse grain 
medium 7” 144% of lime. and rough on one side where cut. 
Ibs. pressv Hs pax with fine sand from separate The following brick were tested by fire only: 
E aga ; small percentage of loam; coarse grain J. Philadelphia ‘‘Salmon” or ‘‘Pale’’ Brick; good qual- 
ana : 10 hours at 120 Ibs, to 125 Ibs. pressure; ity of their grade. 


1, very fine 


linder ours; 4%% of lime used. 


‘ tains 6 to 8% loam; fine grain brick; 8% lime used; har- 
not dened 10 hours at 125 Ibs. pressure. 


cement; hardened 10 hours at 125 Ibs. 
pressure. 


I. Philadelphia Face Brick; smooth surface, fine grain 


K. Hudson River Medium to Hard-burned Brick; me- 
sand (99% silica) mixed with 5% ground dium quality; considerable percentage distorted in burn- 


ond 5 me; medium coarse grain brick; hardened ing forming bloated brick. 


7 hours at 150 Ibs. pressure contained numerous %-in. 


Bank sand ground; 8% passed 100 mesh sieve; 
contains about 7% loam; fine grain brick; 54% of lime 


L. 
quality. 


Hudson River Medium to Hard-burn; good average 


A large number of experimental tests made previous to 
this series demonstrated clearly that the percentage of 


moisture 


in a sand-lime brick controlled to a great 


extent the compressive strength of the brick as indicated 
by the testing machine. It was found that bricks dried 
to a constant weight before test developed an increase 
in strength over the same brick in the normal condition 
(that is, as received for test) of 20% to 50% as an aver- 


age. 


An increase of 60% to 80% was not unusual, and 


the maximum obtained was 125% 

One lot of 12 samples tested some months ago for one 
of the companies who furnished brick for this present 
se.ies showed an average increase in compressive strength 


dry, 
brick in 


over the condition when received, of 58%. The 


normal condition appeared to be fairly dry. 


This was a private investigation; the company has not 
been informed of the results and no publicity given the 
matter until now because fuller information was desired. 


|. SHOWING RESULTS OF CRUSHING 


AND TRANSVERSE STRENGTH TESTS OF SAND-LIME 
AND CLAY BRICKS. 
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At the writer's suggestion, however, a clause 
was inserted in the specifications of the New 
York Building Bureau requiring that the ‘‘sam- 
ples must be first thoroughly dried to constant 
weight."" The majority of the tests made in 
the laboratory have been made upon the normal 
brick, for most investigations were begun be 
fore sufficient evidence had been acquired to 
warrant any change in the usual method of 
test. 

A few tests were made to ascertain if re- 
peated wettings and dryings inereased the 
strength of the brick beyond that of one drying 
The indication was that a slight increase was 
obtained in the compressive strength (no trans- 
verse tests were made), but the variation was 
not great. It was found, however, that brick 
dried and subsequently wet again lost the 
strength gained by the drying. 

These experimental tests were made by break- 
ing the brick transversely and crushing one-half 
normal and the other half perfectly dry. Some 
half dozen different methods of manufacture 
were tested and they all gave like evidence 
These extraordinary results made it plain that 
data obtained from tests of different lots of brick 
as received in the laboratory was not compara 
ble and very misleading. One lot of such brick 
might have been standing in a dry room for 
moaths and another in the open air. The former 
would give nearly its maximum strength, the 
latter far below it. The writer is fully convinced 
that the only way to test sand-lime brick for 
purposes of comparison is to first dry them to a 
constant weight. at moderate heat (about 
1° F.), weighing very closely to insure ex 
pulsion of all moisture; this usually takes four 
to six days. 

Since most tests upon sand-lime brick have 
been made with no reference to their moisture 
content it was thought best in this series, to test 
the brick in both the normal and dry condition. 
The variation, though not nearly so wide as 
many previously obtained, is still quite con- 
clusive. 

It is recognized that perfectly dry brick are 
in an abnormal condition, but the method elimi- 
nates the variation due to moisture and brings 
all to a common basis for comparison. The 
strength values obtained from such tests will be 
somewhat fictitious, and might cause a modifi- 
cation of the allowable factor of safety, but it 
is not clear how these objections may be avoided. 

To ascertain as far as possible the physical 
properties of the brick under all conditions to 
which it would naturally be subjected the fol- 
lowing tests were made: (1) Transverse and 
crushing strengths in normal, dry and wet con- 
dition; a'so after freezing and fire tests. (2) 
Total absorption and rate of absorption, includ- 
ing tendency to discolor. (3) Specific gravity 
and weight per cubic foot. (4) Determination of 
moisture in normal brick. (5) Resistance to 
freezing. (6) Resistance to fire. 

It is unsafe to predict the strength of brick 
or concrete upon two or three tests, since the 
natural variation in the product might give 
very misleading information. To avoid error of 
this kind consistent with the volume of the 
work, the majority of tests were made in lots of 
10 each; freezing and absorption tests with 
strength tests afterwards were made in lots of 
five each. As far as possible the different tests 
were made upon halves of the same brick. This 
plan gives a more satisfactory comparison of 
results than would be otherwise obtained. 

METHOD OF TESTING. 

TRANSVERSE TEST.—The bricks were sup- 
ported on well rounded knife-edge supports 7 ins 
apart, care being taken to insure an even bear- 
ing on each support, thus avoiding twisting 
stresses. The load was applied at the middle 
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by a similar rounded edge. The modulus of rupture 
was calculated from the well-known formula 

2bh? 
and serves to bring the transverse strength to a common 
standard for comparison, irrespective of variations in size 
of cross section. Over 90% of the bricks broke exactly in 
the middle. Those which broke off center had distinct 
lamination cracks in the middle of the bricks, and 
these were elements of weakness. 

COMPRESSIVE TESTS.—Half bricks from the trans- 
verse tests were used. Sheets of heavy fibrous paper 
were inserted between the specimen and the adjustable 
compression plates of the machine, to insure an even 
bearing on the faces. It was not advisab!e to use plaster- 
of-paris as a bedding material because of the moisture. 
Table 1 gives the full data of all strength tests upon 
normal and dry bricks and shows the effect of the treat- 
ment upon each individual brick, also the average values. 
Series H was not tested because notches had been cut in 
the edges for identification and this ruined them for 
transverse tests so all the tests were omitted. The 
average per cent. increase in strength for each series of 
dried brick over their strength in normal condition was 
as follows: 


Modulus of rupture. Compression. 
A 15.0 per cent. 2 
B 16.0 17.1 
Cc 20.7 
D 2g 22.3 
F ad 24.8 
G 26.2 16.3 
Average 19.5 20.9 
J 5.5 30.9 


J. was the only series of clay bricks so tested. It will 
be noted that although there were wide variations in 
values, in the sand-lime - 


were seriously discolored. The following conditions 
were noted: 

A. Both had a slight yellow stain and one had a white 
powder on the edge, probably carbonate of lime. 

Slight yellow and white discoloration on one edge. 
Slight white powder on one brick—the other clean. 
Same as 

Slight yellow stain on one brick—the other clean. 
Yellow stain on edges. 

-. No discoloration. 

After the last weighing for absorption the bricks were 
tested for compressive resistance. Comparing results 
with the other halves of the same bricks tested dry it 
was found they had all lost strengths in amounts vary- 
ing from 16% to 57%, with an average loss of the whole 
series of 32.6%. 

To ascertain the effect upon transverse strength due to 
moisture, five whole bricks of each kind were saturated 
and then tested. The results are given in the first half 
of Table III. 

In general, the transverse strength of the sand-lime 
brick wet, compared with the transverse strength dry, 
gives practically the same reduction as in the compres- 
sion tests, the loss varying from 20% to 50%, but there 
were a few cases where the transverse strength wet 
exceeded the dry, and one who'e series (E) exhibited this 
peculiarity. These bricks are marked with an * in the 
table. In two of the clay brick series the same condition 
was found; the reason for this reversal of the general 
rule is not apparent. 

FREEZING TEST.—Half bricks from the normal trans- 
verse tests were used. They were first soaked in water 
for five days, then carefully weighed and placed in a re- 
frigerating room and frozen throughout; after which 
they were thoroughly thawed in water at a temperature 
of about 120° F. The periods for freezing were usually 


brick the averages of the TABLE II.—SHOWING RESULTS OF FREEZING AND ABSORPTION TESTS OF 


two columns are strangely 
alike. The moisture con- 


SAND-LIME AND CLAY BRICKS. 


tent of two bricks in each 


FPRECZING TESTS 


was determined, and found ¥ Genera. Ereect he. 
to vary from 1% to 10% 25 ‘aon 
with an average of 5.9% for 2 33 
all. A determination of the 
moisture in 18 sand-lime 
bricks of different makes ———— = 
which came to the labora- ees tes 
an average. A part 16 | Two CORNERS ROUNDED trot tees 
of them were evidently se- 12 ao os 
lected specimens and had | = 
probably been dried for some 
being submitted | 
ABSORPTION TEST.—The : 
method employed for deter- 
mining the amount of water = 
the bricks would absorb was : 
that advocated by the writer =f = 
in the article already re- we wanes 
ferred to and adopted by the is ete 
New York Bureau of Build- 
ings. It has proved very = =F 
satisfactory. 
These were immersed in 
water to a depth of about 
%-in. Weighings were trrecr 615 [tis we] 
that a brick is practically 
saturated at the end of two a inion 
s, and although it may a 
‘amount is so small it may : oss tol ite tiie 
readily be neglected for com- ing ; 
parative purposes. 
is 
an important factor, and a 
columns of percentages in : : bal Gh to] 
large part of the water was 
taken up during the first 30 
minutes, but in two in- I = 
stances the rate was slow. = 1186 
as in common clay bricks. 
Two samples of each K 
series were allowed to be- 


come saturated, and were 


then set aside to indicate beatall 


discoloration effects due to 


moisture. None of them 


TABLE IIIl.—SHOWING RESULTS or 
AND DRY BRICKS AND ON 
FROM WALL TESTED BY FIRE. a 

MISCELLANEOUS TESTs 


after 


fire test. 


Number of 
imens av- 
eraged. 
Modulus 
-of rupture wet. 
modulus. 
Number of 
specimens av- 
eraged. 
Modulus of 


% reduction in 


rupture 


. 


20 7 


tw 

bo 
SDN 


Qe Series letter. 


Cr on or or SPEC 


LAY BRICK. 


140 
2 86 
2 


a 
a 
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=o 
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458 
462 


23 hours, with about one hour for tha 
ally the freezing would be allowed to 
hours, and in a few cases, to expedi: t 
eight hours elapsed between thawings. 
temperatures were low the bricks were bted 
pletely frozen in a few hours. The numt 
freezings and thawings for each serie: 
mometer registered practically zero thro. 
test. 

After the last thawing the bricks w: weigt 
then tested for compressive strength 
weight was insignificant, in fact, most 
a very slight increase rather than loss S Was proh 
ably due to increased absorption. So far the 4 i 
ance went, the freezing had no deteriora: ants al 
the subsequent tests for compression w! te 
a decided weakness. How much of this » ‘ 
to the effect of freezings, and how mu): : 
ence of water alone, is uncertain. 

The writer made a few tests on three k nds of sand- 
lime brick two years ago, in which the 
dried after the freezing tests before com: 


imens were 


ressing, and 
these showed an increase in strength. He plans to jp. 
vestigate this subject further and ascertain whether the 
loss in strength is really due to the freezing effect: aly 
how many freezings are necessary to disintoxrate a brick 
‘Thus far out of nearly 100 tests on sand-lime brick po: 


one has been badly affected by 20 freezings and thawings 

In the’ fire test different varieties of clay brick wer 
tested in parallel with the sand-lime brick. The strener) 
of these bricks was determined in norma! condit 


‘circumstances prevented a complete series test upor 
any except the “Philadelphia Salmon.” The others were 
practically duplicates of the series published in Engineer. 


ing News and Clay Worker, from which al! the properties 
of these clay bricks can be obtained, except any effect 
that might occur from drying to constant weight 
Whether or not there is any marked increase in str 
in these brick due to drying is a subject for subsequent 
investigation. One would not expect the same variation 
in well-burned brick as in sand-lime brick. yet the tests 
upon the porous ‘‘salmon’’ brick gave widely different 
results. 

The curves in Fig. 1 were plotted from the average 
values of all the tests and show the relation of the dit- 
ferent tests for each series. They indicate also that 
there is a fairly uniform relation between the transverse 
and compressive strength. (This does not exist in com 
mon clay brick.) The compression and modulus of rup- 
ture curves are in general parallel and demonstrate that 
nearly all the varieties were affected the same way ty 
the different tests. 

A comparison of the absorption curve with the two 
sets of strength curves indicates that there is some ret 
tion between the strength of the brick and the tota 
amount of water it is capable of absorbing Thus, | 


+h 


series E, the absorption is highest and strength lowest 
Similarly, in series G, absorption is low and streigtt 
high, but the other series do not show the relation s 
clearly, and some are contradictory. 

As a lot the bricks were all low grade in strength a! 
absorption; only one series (G) would pass ‘lie New York 
and Philadelphia Bureau of Building spec’ fications. 

The strength values were considerably low those 
sand-lime brick which have come to our !aboratory ‘ 
test during the past two years. The genera! average # 


163 bricks of all makes tested last year transvers 
gave a modulus of rupture of 514 Ibs., and average 
177 compressive tests gave 3,190 Ibs. per <q. in. Te 
average absorption on 81 specimens was 1: 


The writer has made many private tes!» for some © 
the companies who furnished brick for this |» vestigatiot 
and the results were quite superior to ‘! se here ™ 
corded. 

FIRE TESTS. 


One of the principal objects of this inv: ‘igation 
to determine the fire resisting properties «/ these drt 
by a practical full size test in comparison © th comme 
clay brick, For this test the writer used he partits 
test house at his Fire Testing Station at © \umbia Uo 
versity. 
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ns is 14 ft. 6 ins. x 9 ft. 6 ins. on the outside, 
bs . of reinforced concrete walls and roof, while 
ror is are removable. The floor of the building 
ag" upon which the fire is built and suitable 
af r gs and chimneys are provided. The sides 
draft Sin. walls with sand-lime brick for 
— a nmon brick for the other. The work was 
ont, ©. gular brick masons who were instructed to 
eel ‘ call a good average job—no better. 
ma) were laid in bands about 14 ins. wide. In 
order ¢ -ach variety of brick might be subjected to the 
ame b ‘onditions as far as possible, only half of a 
band w laid on the same level in the wall. The other 
half wa placed in some other position. This arrange- 
ment ( e bands is shown in Fig. 2, where each series 
js out ' and marked by its letter. These are photo- 
graphs ken of the outside walls before the test. In 
a few _nees there were not sufficient brick to lay the 
whole tion of the wall. In such cases the inside 
course »’ bricks next the fire was kept true to name, and 
the out ie, where unimportant, was filled up with some 


her \ ty. 
a so decided to test the merits of lime vs. cement 


mortars slong with the brick. For this purpose half of 
each well was laid with the different mortars. These are 
clearly {dicated in the photographs. The walls were 17 
days old when tested. 

PURP ‘SE OF THE TEST.—The purpose of the test 
was to determine the effect of a continuous fire against 
the walls for two hours, bringing the heat up gradually 
to 1700° F. during the first half hour and maintaining 
an average of 1700° during the remainder of the test. 
Then a 1%-in. stream of cold water to be thrown 
against the wall for three minutes at hydrant pressure, 
which at this location varies from 25 to 30 Ibs. 

TEMPERATURE.—The temperature of the fire was ob- 
tained by three electric pyrometer couples. One sus- 
pended through the center of the roof, hanging 8 ins. 
below the ceiling, and the other two inserted through 
the walls at the middle, about 2 ft. from the top, one 
through each wall. Temperatures were read from each 
couple every three minutes. The plotted curve for the 
middie couple is shown in Fig. 3. The temperature on 
the other points were practically the same as for this. 
The fuel was dry cord wood. Frequency of firing was 
governed by the temperature recorded. 

To measure the heat transmitted through the walls 
by conduction a bare bulb thermometer was placed 
against the outside of each wall and covered with a box 
to prevent radiation. The rise in temperature on the 
sand-lime brick wall was 119° F. and on the clay brick 
wall 74° F. The moisture in the sand-lime brick was 
converted into steam and this aided in raising the heat. 

WATER.—In applying the water through the door in 
the end of the building the stream was thrown back 
and forth over the whole surface of the walls as much 
as possible and not allowed to play continuously in one 
spot. 

EFFECT OF THE TEST.—Several large cracks devel- 
oped in both the sand-lime and the clay brick walls dur- 
ing the test. These were no worse in one wall than in 
the other and were expected, for all walls, whether brick 
or concrete, form these expansion cracks during a fire 
test. It was not apparent that the kind of mortar had 
any effect upon the tendency of the wall to crack. 

A furious fire was maintained for the allotted time, at 
the expiration of ,which the water was applied in the 
regulation manner. With the exception of surface de- 
terioration the walls were solid and in good condition. 
After they were cooled the inside course of each wall 
was cut through and specimens of each series secured 
for examination and test. This opening was made at 
the middle. It was about 3 ft. wide and extended nearly 
across the building vertically. It was very difficult to 
secure who'e bricks owing to the extreme brittleness. 
We endeavored to secure two samples from each series 
for test without tearing down the whole wall and in most 
cases were successful, 


REMARKS ON CONDITION OF EACH SERIES AFTER 
THE FIRE. 

SAND-LIME BRICK.—A. Appeared in good condition 
in wall, but were found very soft and tender on removal. 

B. Practically same as A. Two bricks were spalled off 
by water in. deep. 

C Somewhat wasted by water, particularly along lamin- 
aton crack at middle. Badly cracked on surface, but 
who'e bricks could readily be obtained. 

D. Surface washed away by water on about half the 
bricks. Bricks were tender and broke easily in several 
piece Difficult to get whole brick. 

E. Surface badly washed by water to a depth of % to 
2 ‘mn. Tender and easily broken. 

F These bricks contained many quartz pebbles % in. 
or more in diameter. These pebbles burst on the surface 
and ‘ore away the brick. General appearance bad. 
Many cracks, 

G. Surface little wasted by water, but brick in very 
8001 condition. Whole brick easily obtained. Few 


Ht. Few cracks. Good condition. 
CLAY BRICK.—I. Full of cracks. Very difficult to get 
Whole brick, 


iy. Many pieces spalled off by water. Bricks very 
badly cracked in wall. Could not secure a whole brick. 
Poorest of clay bricks. 

J. These “salmon” brick seemed to withstand the fire 
the best of the clay bricks. However a large percentage 
of them showed cracks. 

K. Badly chipped and cracked. Whole brick very diffi- 
cult to secure, 

L. Same as K. 


’ In general the bricks were affected by fire about half way 


through. They were all brittle and many of them tender 
when removed from the wall, with the sand-lime brick, 
if a brick broke the remainder had to be chiseled out 
like concrete, whereas, a clay brick under like conditions 
would chip out easily. The clay brick were so brittle 
and full of cracks that the wall could be broken down 
without trouble. The sand-lime bricks adhered to the 
mortar better, were cracked less, and were not so brittle. 
These conditions madé their removal much more difficult. 
They will doubtless get harder as the water dries out of 
them. 

The clay brick cracked and spalled; the sand-lime brick 
washed away on the surface and became tender. It was 
difficult to find a clay brick that was not cracked in two 
or more pieces as they laid in the wall, but there were 
many sand-lime bricks that were apparently free from 
cracks; however, they were very apt to break in prying 
out. The half bricks from the clay wall when struck 
with similar sand-lime brick would in-most cases shatter 
first. 

The samples taken from the wall were tested and the 
results are given in the second half of Table III. 

The transverse strength was extremely low in all the 
brick, but the compressive strength was very much 
higher in proportion. The strength of the clay brick was 
a little superior to the sand-lime in transverse, but at 
best they were bad. No advantage was evident in com- 
pression. 

SUBSEQUENT NOTE. 

Since this paper was written a large part of both the 
walls submitted to the fire test, have been cut out, and it 
is my candid opinion that the sand-lime bricks were in 
much better condition than the clay bricks. This opin- 
ion is emphatically endorsed by the brick masons who 
did the work, also by others who examined the walls. 

Your Secretary, Mr. Duerr, informs me that he has 
made a study of the strength data presented in this 
paper, in reference to the percentage of lime used in 
each variety of brick. He found the relative strength 
value of each kind of brick per one per cent. of lime, by 
dividing the different strength values given, by the per 
cent. of lime used. In this way he was able to eliminate 
many of the apparent variations, and explain the seem- 
ing inconsistencies. 

As a result of his investigation, he found that the 
bricks made with lime carrying magnesia were consider- 
ably weaker per per cent. of lime used, than those in 
which a high calcium lime was employed. It was also 
evident that too much lime weakened the brick. The 
indications were that no benefits were derived from lime 
in excess of 6 to 8%. 


A -REINFORCED CONCRETE LOCOMOTIVE COALING 
STATION OF UNUSUAL CONSTRUCTION ON THE 
LEHIGH VALLEY RAILROAD. 


By W. E. Phelps.* 


Among several recent notable improvements 
which have been made by the Lehigh Valley 
Railroad a new concrete-steel locomotive coaling 
station at South Easton, Pa., presents some novel 
features. 

A consideration of the governing conditions at 
this point is necessary to a full understanding 
of the reasons for the adoption of this particular 
type of plant- The station ts designed to furnish 
coal to yard engines and engines going to or 
from the roundhouse. About one hundred such 
engines per day of 24 hours will be coaled. An 
arrangement of crossovers will permit through 
freight engines in either direction to cut off from 
their trains and take coal when necessary. 


South Easton is perhaps the most congested 
point, in a traffic sense, along the line of the 
Lehigh Valley Railroad, and absolutely none of 
the then existing track room could be spared for 
the location of the new structure. On the north 
side of the main tracks was a very valuable 
canal property, and on the south side, close up to 
the tracks, was a high rock bluff, into which it 
was decided to excavate for the new structure. 

Easton is a terminal for some classes of 
freight, and all passenger trains change engines 
there, while a large number of yard engines are 
used in the immediate vicinity. The passenger 
engines generally burn lump anthracite, while 
the freight and yard engines burn a mixture of 
small anthracite and bituminous coal. This 
question of mixing considerably more than half 
of the five or six hundred tons of coal used daily 
caused the decision in favor of the platform type” 
of coaling plant, instead of a plant in which the 
coal is dumped from the pocket directly into the 
tender. The plan adopted was to use one-ton 
carts or barrows (shown in the large photograph) 
and dump alternate loads of anthracite and 
bituminous coal into the locomotive tenders. At 
the end of the coal pockets is a sand pocket 
equipped with a steam drying apparatus and cap- 
able of storing about 850 tons of damp sand. 

In this connection attention is called to the 
sharpening of the curve over the sand bin, for 
the double purpose of giving increased capacity 
to the bin and to pull the track away from the 
edge of the rock, which, due to some rottenness, 


*57 Lake Shore Building, Cleveland, Ohio. 


FIG. 1. GENERAL VIEW OF LOCOMOTIVE COALING STATION ON THE LEHIGH VALLEY 
R. R. AT SOUTH EASTON, PA. 
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had been cut back on a flatter slope than orig- 
inally figured on. On this sharp curve it was 
considered impracticable to secure the rails to 
the I-beam girders with clips, as was done on the 
rest of the work, so the beams were set 7 ins. 
deeper in the piers, and ties were used to carry 
the rails. 

The sectional view of the coaling pockets shows 
the method of construction and of the operation 


with a small hoisting engine, and proved very 
useful; 90% of the walls less than 12 ft. high were 
built with this crane. 

The difficulties attendant on the excavation 
and removal of the limestone rock, required in 
this work, were considerable. As previously 
stated, traffic at this point was very heavy, and 
had to be maintained uninterruptedly throughout 
the progress of the work. This work was within 
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FIG. 2. CROSS-SECTION OF COALING STATION. 


of the gates to the chutes, of which there are two 
to each pocket, thus allowing practically all of 
the coal to be drawn off. Each gate is provided 
with two operating levers, one on each side, 
pivoted near the top to allow of their free move- 
ment in a longitudinal direction as a man pushes 
a cart along under the chute, holding a lever in 
one hand. Each barrow is figured as holding one 
ton and engines are charged for coal on this 
basis. About 7,000 lin. ft. of 54-in. Ransome 
twisted steel bars were used in the reinforcement 
of these piers and the fronts of the pockets. 

The dumping track on these pockets is from 
40 to 41 ft. above the engine coaling track, and 
is on a 0.4% grade descending toward the west. 
Experience has shown, however, that this grade 
is not quite steep enough for the ready move- 
ment of the cars to spot them over the pockets 
by the men who do this work. The incline 
or approach track leading up to the top of the 
pocket is 1,375 ft. in length; 300° ft. on each 
end of this grade is taken up by vertical curves 
and 650 ft. of the remainder is on a 4.2% grade. 

In addition to a large amount of excavation 
for this approach track, about 2,000 cu. yds. of 
dry retaining walls had to be built, varying in 
height from 4 ft. to 22 ft. Owing to the very 
limited space available for derricks, an old style 
hand “wrecking crane,” or car, was rigged up 


city limits, and great caution had to be observed 
in all blasting operations. 

After two or three months’ use of dynamite, 
“Joveite’ was adopted as an explosive, and gave 
very satisfactory results. 

Two small Ingersoll rock drills were used, drill- 
ing holes from 3 ft. to 9 ft. deep; air was sup- 
plied to the drills and a forge at from 80 Ibs. to 
120 Ibs. pressure by three 9%-in. Westinghouse 
air-brake pumps mounted on an old locomotive. 


Vol. LV. 
The average daily rate of drilling, pe 
was 31 ft. by day labor, but jumped ; t Se 


ft. after “piece work” drilling was in«: 
this way more work was obtained fo; 
than some quarries in the vicinity w. aces 
ing. 

The plans for this structure were 
the writer, under the direction of 
Kenly, Division Engineer. 


THE ROAD DRAG FOR IMPROVING FARTH = .ps+ 


Any method for the improvement of earth 
is simple, effective and inexpensive to opera! 
of all the attention that can be given to ; 
dragging is such a method. Road drags have 


and used spasmodically for many years, but eet 
for Mr. D. Ward King, of Missouri, to show | Fi 
demonstrations the wide application and p! 
portance of the road drag. 

Thousands of miles of mud roads can be } i ma- 
terially by following the directions for the sin 1ethod 
as here given, It will, no doubt, be necessary under. 
drain many sections of road which may be 4: i, but 
for immediate work this spring the most ess: thing 
to obtain for the coming season is to have | irface 
of the roads reasonably smooth, This the 1 drag 
will accomplish. The State Highway Commi urges 
every township commissioner to have all th: id and 
clay roads in his township dragged. 

The exact form or style of drag to be used t the 
most essential part of road dragging. Almo y de- 
vice will prove effective which will move a smai. smount 
of earth towards the middle of the road and at ‘he same 
time smooth over the surface. As the whole : ry and 
effectiveness of road dragging depends on the moving 
of but a small amount of earth at a time, it is portant 
that no road drag be used which is of heavy design. Ip 
fact, the lighter and more simple the drag the more effec- 
tive it usually is. A simple stick of timber or piece of 
steel rail has proved useful for this work; \-shaped 
drags have also been used, but seem to meet an objec- 
tion, due to the fact of their heavy draught. Perhaps 


the most effective form of drag is that known as the 
“split-log drag,’’ Fig. 1, or it may be made of two stout 
planks in place of the split log, as in Fig. 2. Oak or 
other heavy wood should not be used where it is possible 
to get a log of lighter wood. The log should be from 
10 to 12 ins. diameter and about 9 ft. long. The holes 
in the front half of the log should be bored so that a 
slight slant forward is given to the lower part of the 
front face; the holes in the rear log are bored so that 
its flat face will be perpendicular to the sticks forming 
the connecting braces, which should be tapered at the 
ends so that they will fit snugly into the holes bored into 
the logs. The holes should not be less than 2 ins. 
diameter. The ends of the cross sticks should be split 
and wedges driven so as to secure the cross braces in 
place. The wedges should be driven crosswise of the 
grain of the log or plank so as not to split it. A diagonal 
eross brace is placed between the logs at the leading 
end to stiffen the frame of the drag. 

The distance from face to face of the two pieces should 
be about 3 ft. The lower front edge or toe of the drag 
should be protected by a strip of old wagon tire, or other 
piece of iron about 4% x 3 ins. and about 4 ft. long. 
This strip of iron should be bolted to the front log and 
the heads of the bolts countersunk; it should not be 
carried the entire length of the front log. 

Chains should be provided with which to haul the drag, 
arranged with a short and long hitch, as shown, so that 
the drag will travel at an angle of about 45° with the 
direction of the road. It will be noticed that the long 
hitch of the chain goes over the log around one of the 
cross pieces rather than through a hole in the front log 

*Abstract of Bulletin No. 1 of the Illinois State High- 


way Commission; A. N. Johnson, State Highway Engi- 
neer, Springfield, Ill. 
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Towpath, Leigh Coal and Navigation Co. 
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a e earth to slide unobstructedly along the 
= al ne drag. A platform of 1-in. boards (not 
eory ; upon the cross pieces for the driver to 
of the split-log drag has been made: by 

A ies senberger, of Hudson, Ill., by which it is 
yaad ‘ine the faces of the log so that they will 
og rward or backward, according as it is de- 
pr . the drag cut deep or shallow. As the ad- 
pak’ : ne log is easily effected by the movement 
ys adds considerably to the ease with which 
ete ‘o discharge the earth that may be collected 
drag at any particular point desired. 
oy to be attained by this method of road 

tel are to smooth the surface of the road when 
eg i | muddy, and at the same time to move a 
7 ae at + of moist earth to the center, thereby main- 
asi alg rown of the road. The drag is not the im- 
seen se to move large quantities of earth, nor 
pw the» ntenance of an earth road require the use of 
such at iement. A consideration of the theory of 
road dr « will help to make the use of the drag 
more fu nderstood. 

Moist cor /h from the traveled portion of a road over a 
gumbo or black prairie soil will be found prac- 
‘eally impervious to water, as it has been worked or 
puddled by the action of wheels and hoofs. This puddled 
earth is usually full of holes and ruts, which are filled 
with water which cannot escape through the impervious 
coil. As long as the water remains the soil cannot dry 
out and the road is kept in a most uncomfortable if not 


Fig.2, Plank Drag. 
Drags for Improving Earth Roads. 


impassable condition. This puddled earth when com- 
pressed and dried becomes extremely hard. On these 
two facts, the imperviousness of puddled earth and its 
hardness when dried, rests the theory of road dragging. 

When the road drag is properly used it spreads out 
the layer of impervious soil over the surface of the road, 
filling up the ruts and hollows until a smooth surface is 
ecured. As a small amount of material is always to be 
pushed to the center, a slightly rounded effect will be 
given to the road, which may be increased or decreased 
as desired by subsequent dragging. By forcing the mud 
into the hollows and ruts it is evident that the water 
must go out, which it does by running off to the side of 
the road. The drying out of the road is thus much 
facilitated and the road is made immediately firmer be- 
cause the water is squeezed out. The effect of traffic 
over the road tends to press down and thoroughly com- 
pact the top of the road and each thin layer of puddled 
earth which the drag spreads over the surface every 
time it is used. After the first few draggings it will be 
noticed that the road is becoming constantly smoother 
and harder so that the effect of a rain is scarcely uotice- 
able, the water running off the smooth hard surface 
which absorbs but little of it. 

The following points are to be borne in mind in drag- 
ging a road: 

1. Make a light drag, which is hauled over the road at 
an angle so that a small amount of earth is pushed to the 
center of the road. 

2. Drive the team at a walk, and let the driver ride 
on the drag. 

5. Begin at one side of the road or wheel track, return- 
ing on the opposite side. 

4. Drage the road as soon after every rain as possible, 
but not when the mud is in such a condition as to stick 
to the drag. Do not drag a dry road. 

5. Drag whenever possible at all seasons of the year. 
Ifa road is dragged immediately before a cold spell it 
Will fre¢ in a smooth condition. 

6. The width of traveled way to be maintained by the 
drag should be from 18 to 20 ft.; first drag a little more 


than the width of a single wheel track, then gradually 
increase until the desired width is obtained. 

7. Always drag a little earth towards the center of the 
road until it is raised from 10 to 12 ins. above the edges 
of the traveled way. If the drag cuts in too much, 
shorten the hitch. 

8. The amount of earth that the drag will carry along 
can be very considerably controlled by the driver, ac- 
cordingly as he stands near the cutting end or away 
from it. 

9. When the roads are first dragged after a very muddy 
spell the wagons should drive if possible to one side 
until the roadway has a chance to freeze or partially 
dry out. 

10. The best results from dragging are obtained only 
by repeated applications. Constant attention is necessary 
to maintain an earth road in its best condition. 


ROAD IMPROVEMENT WORK IN ILLINOIS. 


In 1903 a special Good Roads Commission was 
created by the Illinois State Legislature to in- 
vestigate and report upon the road conditions of 
the State and the means of improving country 
roads. This investigation included the available 
road-building materials, the drainage of roads, 
the employment of convict labor on the roads 
and the question of distributing the expense by 
systems of federal, State and country aid. This 
commission made its report at the legislative ses- 
sion of 1905. From the somewhat incomplete re- 
plies made to its various inquiries, the commis- 
sion estimated that the State had about 100,00 
miles of roads (exclusive of streets); 59 counties 
had 3,495 miles of road surfaced with stone, 
gravel, etc., but under the old road law (in force 
for 22 years) only 261% miles of “hard road” had 
been built in 138 counties. The commission advo- 
cated hard roads and recommended that the cost 
should be distributed as follows: 50% by the 
State, 25% by the county and 25% by the town- 
ship. It further recommended the appointment 
of a permanent commission and a State highway 
engineer. With the completion of its report, the 
special commission passed out of existence. Its 
recommendations as to hard roads and State aid 
were not approved, but the Legislature passed a 
law creating a permanent State Highway Com- 
mission, and Governor Deneen has appointed Dr. 
Edmund J. James, President of the University of 
Illinois, as Chairman of the Commission. Mr. 
Arthur N. Johnson, Assoc. M. Am. Soc. C. E., has 
been appointed State Highway Engineer, and the 
commission has entered upon its work with a 
systematic and business-like way, and with due 
regard to the fact that engineering skill must 
play an important part in work of this kind. We 
give below some extracts from a statement given 
out by the Commission, and it is expressly stated 
that it is not the function or purpose of the com- 
mission to advocate “hard roads” or State aid in 
any form. This is done on account of the strong 
opposition previously aroused in the country dis- 
tricts (and especially the dirt-road districts) by 
former attempts (more or less political) to estab- 
lish a system of hard road construction and State 
aid for hard roads. 

Over 97% of the actual highway mileage of the State 
is earth road, and it will be our effort, therefore, to 
make such a study of the construction, care and im- 
provement of these roads as will yield valuable results 
for the benefit of every portion of the State. In some 
portions of the State, the local authorities are construct- 
ing gravel and macadam roads. We shall offer to these 
sections such assistance in the way of advice as we may 
be able, by drawing up standard specifications, testing 
the quality of road-building material and finding deposits 
of material which may be of use in such road construc- 
tion. In the Idst mentioned task we have been promised 
the aid of the State Geological Survey. We hope further 
to be of assistance in furnishing, on request, advice and 
specifications as to bridges, culverts, and other forms 
of structure necessary to highway maintenance. We 
shall aim to develop an engineering force of such char- 
acter and training as will put at the disposal of the 
poorest road district in the State the best possible ex- 
pert advice as to all matters falling within its jurisdic- 
tion. So that upon questions of grade, drainage, culvert 
and bridge construction the roadmasters of any district 
or the highway commissioners of any township or the 
authorities of any county may obtain, upon request, the 
best advice we can furnish. 

The law makes it our duty to collect and publish full 
statistics relating to the highways of the State, and 


makes it the duty of local officials to give us the neces 
sary information upon blanks furnished them for this 
purpose. We make an urgent appeal, therefore, to all 
road officials to assist us in the performance of this por 
tion of our duty. 

The law relating to the employment of convict labor 
in our State penitentiaries makes it the duty of the 
boards of management of these institutions to furnish to 
the Highway Commission such quantities of broken stone 
as it may call for—this stone to be of a size and quality 
suitable for use in highway construction The State 
Highway Commission is authorized by law to distribuife 
this stone among those road districts of the State asking 
for it free of ail charge to these districts so far as the 
railways of the State are willing to carry such stone in 
return for similar stone to be used by them. The quan- 
tity of such stone available, is, of course, limited, and 
it will be distributed in accordance with general regula 
tions intended to insure fairness in distribution among 
those communities asking for it. The penitentiaries are 
also required to manufacture tile suitable for road drain- 
age, and road machinery, which will be distributed in 
the same way. But at present no penitentiary has actu 
ally installed a plant for manufacturing such tile. Due 
notice will be given to the road officers in the State 
when and where such tile and road machinery can be 
obtained. 

It is further made the duty of the Highway Commis- 
sion to undertake a careful and thorough examination 
into the best and cheapest method of highway construc- 
tion adapted to the needs and conditions of the various 
portions of the State. Accordingly we shall begin a 
system of experimentation in the construction, main 
tenance and improvement of all classes of road which 
seem adapted to the peculiar conditions of any portion of 
the State. The co-operation of the highway department 
of the State University, in charge of Prof. Ira 0. Baker, 
has been secured for this part of our work, and we shall 
hope to have some valuable results in course of time 
from this department of our undertaking. 


AT A MEETING held at the Chemists’ Club, New York 
City, May 28, the report of the Committee on the Com 
memoration of the Semi-Centennial of the Coal-Tar In- 
dustry was accepted and the recommendation 


adopted 
The report follows: 


The Semi-Centennial of the great discovery of Dr. W. H 
Perkin shall be commemorated in New York City by a 
banquet and symposium on the development of the coal- 
tar industry, to be separately subscribed for by those 
who attend and by the presentation to Dr. Perkin of a 
personal token, and the establishment of a Perkin medal, 
to be awarded annually to an American chemist for dis- 
tinguished work in the field of applied chemistry, and 
that at the same time there shall be secured the nucleus 
of a fund for the establishment at The Chemists’ Club in 
New York City of a reference and circulating library, 
covering the entire field of theoretical and applied chem- 
istry. It is estimated that the sum of $5,000 will be 
amply sufficient to cover the expenses of the personal 
token and the Perkin medal, while the sum of at least 
$50,000 will be necessary for placing the library on a per- 
manent footing. 

It was decided to hold the banquet and symposium on 
Oct. 6, subject to the approval of Dr. Perkin, who is to 
be invited as the guest of the Americans. The banquet 
will be held at Delmonico's, if the hall can be secured 


* 


SINGLE-PHASE ALTERNATING CURRENT has been 
adopted by the Central Illinois Construction Co. for it 
additional eighty miles of track now under construction, 
consisting of two forty-mile lines, one connecting Bloom 
ington and Peoria, the other lying between Springfleld 
and Lincoln. 

The present equipment of the Central Illinois Con 
struction Co. is direct current, consisting of heavy 
suburban type cars equipped with four G. E. 75 HP 
motors. There is now high tension distribution from 
the Riverton station at 13,200 volts, but this line i 
being changed to 33,000 volts, and the latter station wi'l 
be supplemented by a second power-house located in 
Peoria with a common 33,000 volt transmission line con 
necting the two stations. 

The apparatus for these extensions comprises 75 HP., 
AC compensated motor car equipments, made by the 
General Electric Co., together with necessary substa- 
tions, overhead line material, generating station equip- 
ment, etc. Each car is equipped with four 75 HP. mo- 
tors provided with Sprague-General Electric system of 
multiple unit control adapted for use on alternating cur- 
rent circuits, and are so arranged that they will permit 
tap control when running on alternating current, and 
series-parallel resistance control when running on direct 
eurrent. In addition to the motors and control appa- 
ratus, complete AC-DC General Electric air compressors 
and straight air brake equipments will be installed, as 
well as head lights adapted for use on 25 cycle alternating 
current. The trol'ey will be of the pantograph type with 
rolling contact, raised and lowered by compressed air. 
For hauling freight a single-phase locomotive will be 
employed. This locomotive will be of the eight-wheel 
type, equipped with four General Electric 125 HP. com- 
pensated alternating current motors. The total weight 
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of the lecomotive comp'ete will be 50 tons; with a draw 
bar pull of 20,000 Ibs. In common with the motor cars 
for passenger service, the locomotive will be equipped 
with the Sprague-General Electric multiple unit control 
for operation on both direct and alternating currents. 
It will also be supplied with complete air-brake equip- 
ment of the General E‘ectric type, comprising an AC-DC 
motor-driven air compressor with the straight air brake 
apparatus. 

To furnish additional power for this new rolling stock 
the present generating station at Riverton will be sup- 
plemented by a 2,000 KW., 33,00) volt Curtis steam 
turbine, furnishing current at 25 cycles, and the new 
power-house at Peoria will be equipped with two 2,000 
KW., 33,000 volt Curtis turbines. The generator and 
high tension distribution system will be three-phase, and 
will feed the present rotary converter substations, and 
also the 80-mile section of track operating with alter- 
nating current. 

The a'ternating current trolley will be of the well- 
known catenary type, suspended from brackets in the 
interurban sections and cross suspended through the 
small towns. Feeding this 3,300-volt trolley, there will 
be four AC. transformer substations, each substation 
containing two 200 KW., 33,009 to 3,300 volt, single- 
phase transformer with complete controlling high tension 
and low tension switchboard apparatus. These sub- 
stations will be placed approximately 20 miles apart, 
and will be so arranged that trouble in any substation 
will automatically cut out that station without affecting 
operation on the rest of the line. 


> 


AN ELECTRICALLY OPERATED 1,000-TON CON- 
centrating, roasting and smelting plant is being 
constructed near Ely, Nevada, by the Nevada 
Consolidated Copper Company, of San Francisco, Cal. 
The new works, when completed, will constitute 
one of the most carefully equipped and thoroughly 


modern plants in the United States. The product from 
it will be electrolytic copper, the process of treatment 
consisting in the concentration of ores. One of the fea- 
tures of the new equipment will be the battery of six 
McDougal roasting furnaces, each 19 ft. 6 ins. high and 
18 ft. in diameter. The main shafting for the entire 
group of six furnaces will be driven from a 20-HP. Allis- 
Chalmers induction motor, running at 850 r. p. m, The 
operator will be enabled to control the operation of each 
furnace from any one of three floors or stages about 
them. The list of concentrating machinery to be in- 
stalled will include, among other appliances, six 6-ft. 
“Huntington” mills, specially heavy in design, of the 
Anaconda type, equipped with special step box and con- 
tinuous shaft for three mills, dividing the six mills into 


two groups; also two heavy design Blake crushers; eight 
“Overstrom"” tab!es, ninety-two vanners, and twenty-four 
“Richards” classifiers designed under the direction of the 


inventor, Prof. R. H. Richards, of the Massachusetts In- 
stitute of Technology. The engine equipment consists of 
two 22 and 48-in. x 48-in. compound condensing, heavy 
duty type engines; a 16-in. x 32-in. blowing engine deliv- 
ering 6,000 cu, ft. of free air per minute. There is 
also two 800-KW Allis-Chalmers engine type alternators, 
two exciters and seven motors, ranging from 20 to 100 
HP., for the operation of the various ore reducing de- 
vices, furnaces, etc. 


PERSONALS, 


Mr. E. K. Woodward, Principal Assistant Engineer of 
the Wabash R. R., has been appointed Chief Engineer 
of the Pere Marquette R. R., with offices at Detroit, 
Mich. 


The following changes have taken place in the Rec- 
lamation Service: Mr. Luke C. Robertson has been ap- 
pointed Assistant Engineer and assigned to the Un- 
compabgre Project, Colo. 

Mr. E. M. Merriwether, Engineer of Maintenance of 
Way of the Wabash R. R., has been appointed Prin- 
cipal Assistant Engineer, succeeding Mr. E. K. Wood- 
ward. 


Mr. J. D. Galloway, M. Am. Soc. C. E., has formed 
a partnership with Mr. John Galen Howard, Fellow 
American Institute of Architects, under the firm name 
of Howard & Galloway, and with offices at 604 Mission 
St., San Francisco, Cal. 

Mr. George B. Sturgeon, who has been Assistant En- 
gineer on the location and construction of the Waihu 
Canal, Sandwich Islands, has resigned, and removed to 
San Francisco, Cal, to engage in engineering work in 
connection with the rebuilding of that city. His tem- 
porary offices will be at 1858 Ellis St. 

Messrs. G. R. Solomon and P. H. Norcross have 
formed a partnership, and opened a consulting engi- 
neering office at Atlanta, Ga. Mr. Solomon was for- 
merly Assistant Engineer on the Rapid Transit Subway, 
New York City, while Mr. Norcross was recently asso- 
ciated with Westinghouse, Church, Kerr & Co. as 
Structural Engineer. 


Mr. N. A. Christensen, the inventor of the Christensen 
air-brake system, has become associated with the Allis- 


Chalmers Co. as Consulting Engineer. Mr, Christéensén 
is a Dane, and was educated in a polytechnic institute 
at Copenhagen, having previously been an apprentice in 
the city of Veile. While at Copenhagen he also engaged 
in practical work, thereby gaining a knowledge of steam 
engines, pumping engines, air compressors and lighthouse 
and signal service equipment, as well as ship-building 
and marine engineering. Later he renioved to England, 
where, after serving as third engineer on an English 
merchantman, he obtained a position in the London office 
of a large Liverpool firm as designer. Here he designed 
the machinery and made the general plans for the new 
water-wo.ks at Calcutta, India. While employed at 
Darwen, Lancashire, as the head of the designing de- 
partment of a company manufacturing Corliss engines, 
textile and paper making machinery, he constructed a 
new form of Corliss valve motion. He came to the 
United States in 1891 and secured employment with 
Fraser & Chalmers, of Chicago, as designer of Corliss 
engines. 

While Mr. Christensen was in Chicago an accident oc- 
curred on the then new electric railway, known as the 
“Cice.o & Proviso’’ system, at Oak Park, a suburb of 
Chicago, in which several persons were killed or injured. 
The accident was due to the inefficiency of the hand 
brake, and. Mr. Christensen decided that a power brake 
was needed. The result was that he deve'oped the 
scheme known as the Christensen system. In 1893 he 
entered the employ of the E. P. Allis Works, Milwaukee, 
Wis., and in 1894 developed his triple valve, quick-act- 
ing, automatic brake. 

The Christensen Engineering Co. was organized at 
Milwaukee, Wis., early in the year 1897, for the manu- 
facture of these inventions. In the fall of 1902 the scope 
of the business was broadened to include general elec- 
trical manufacture. Mr. Christensen was retired as 
General Superintendent, and a litt!e later the company 
merged into a new corporation known as the National 
Electric Co. This company went into the hands of a 
receiver in the spring of 1905, and ten months later was 
sold at public auction to the Westinghouse Air Brake Co. 
This company surrendered all rights, title and interests 
to all the Christensen patented articles, as well as the 
claims of Mr. Christensen against the National E‘ectrical 
Co., in the matter of unpaid royalties. 

Negotiations have now been closed with Mr. Christen- 
sen whereby the Allis-Chalmers Co. get the control of the 
air-brake business, Mr. Christensen being retained by 
them as Consulting Engineer. 


Obituary. 

John B. McElfatrick died at his office in the Knicker- 
bocker Building, New York City, May 5, of heart disease. 
Mr. McElfatrick was 77 years old and was a well-known 
theatrical architect, having designed some of the best 


theatres in New York City, Philadelphia, Brooklyn and 
other cities. 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 
wae RAILWAY MASTER MECHANICS’ ASSO- 


June 18. Annual convention at Atlantic City, N. J. 
Secy., J. W. Taylor, Old Colony Bldg., Chicago, Il. 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ome 21- at Atlantic City, N. J. 
ecy., ar Marburg, University of Pennsylvan 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 
ome Annual convention at Thousand Islands, 
Y._ Secy., Chas, Warren Hunt, 220 West 57th St., 
York, N. Y. 


SOCIETY FOR THE PROMOTION OF ENGINEERING 


EDUCATION. 
June 29 to July 4. Annual meeting at Ithaca, N. Y. 
Secy.. M. S. Ketchum, University of Colorado, Boul- 


der, Colo. 
AMERICAN WATER-WORKS ASSOCIATION. 
July 10 to ae inclusive. Annual meeting at Boston, 
or . M. Diven, 14 George St., Charleston, 


AMERICAN SOCIETY OF HEATING AND VENTI- 
LATING ENGINEERS. 
July 19 to 20. Semi-annual meeting at Chicago, Ii. 
Secy., W. M. Mackay, P. O. Box 1818, New York City. 
AMERICAN INSTITUTE OF MINING ENGINEERS. 


July 23 to Aug. 4. Joint meeting with the Iron and 
Steel Institute at London. Secy., R. W. Raymond, 
New York City. 


INTERNATIONAL ASSOCIATION OF MUNICIPAL 
ELECTRICIANS 
Aug. 15 to 17 


Annual convention at New Haven, 
Conn. 


Secy., Frank P. Foster, Corning, N. Y. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—The sale was concluded last week of the so- 
ciety’s house at 12 West 3lst St., New York City; the 
price received was $120090. It is expected that by De- 
cember next the United Engineering Building will be 
ready for the society's occupancy. 

AMERICAN SOCIETY FOR TESTING MATERIALS.— 
The ninth annual meeting of the society will be held 
at Atlant:e City, N. J., June 21 to 23, with headquarters 
at Hotel Chalfonte. 

The meeting opens Thursday, June 21, at 3 p. m., with 
a business session, the reading of miscellaneous papers, 
and the reports of committees. Friday there will be sep- 


arate meetings by the sections on Iron ani 


and Concrete, and Preservative Castings, » me 
day the sections on Metals and Fuels, tetas 
and Asphalt, Waterproofing and Testing bes. 

iscellaneous Subjects will hold separate a 
55 papers or reports, which cover various 2 ~~ 
above subjects, will be read before the eo do 
is a much larger volume and variety of m ui res 
ever come before the annual meeting. sos 

AMERICAN STREET AND INTERURB* \ILWAy 
ASSOCIATION.—The Committee on the tion of 
Traffic, which was appointed by the presid author. 
ized by the 1905 convention, has sent an page in- 
formation blank to all the street and inte: railways 
of America, in order to obtain a full dis n of the 
various ways and means which are employ timulate 
traffic on their respective lines. The in‘ ion thus 
obtained, together with other material up: 3 general 
subject, will be collated by the committee will form 
the basis of the report which will be pr i to the 
association at the 1906 convention, to be Colum. 
bus, Ohio, Oct. 15 to 19. 

Likewise the Committee on Municipal © hip, au- 
thorized at the same time, have sent 01 sheet of 
questions in order to get the concensus pinion of 
street and interurban railway corporations reference 
to the question of municipal ownership. | ommittee 
will make a general investigation of this blem and 
report to the 1906 convention. Bernard Swenson, 
Secy., 30 Wall St., New York City. 

INTERNATIONAL ASSOCIATION FOR ~TING 
TERIALS.—The fourth congress of this as ition will 
be held in the halls of the Academy of Sci: Brussels, 
Sept. 3 to 8, under the protectorship of King \eopold II, 
of Belgium. The convention will be op 1 Monday, 
Sept. 3, with a general meeting, welcomi of guests 
and a reception. The following days wil! be devoted 
to section meetings, inspection trips and adi sses. Dur- 
‘ing the congress a laboratory, showing th: mportance 
and advantages of new methods of testing ms ‘crials, wil! 
be in operation in the academy. All papers will be sent 
to members of the association before the meeting, but 
none will be distributed at the Congress. The discussions 
will be held in three sections, Group A, Met«!s. Group B, 
Natural and artificial stones and their cements; Groups 
C and D, Other materials and miscellaneous, the sittings 
taking place at the same time. Only delesstes of the 
authorities and corporations and members of the Inter- 
national Association will be admitted to the meetings, 
while ladies introduced by members may take part in 
the excursions aad other entertainments. The price of 


“men and $3 for ladies. 


membership tickets for the congress is $5 for gentle 
Application for these tickets 
must be made before July 1, to Prof. E. Marburg, Uni- 
versity of Pennsylvania, Philadelphia, Pa. 
AIR-BRAKE ASSOCIATION.—The thirteenth 
convention of the association was held at 
Canada, June 5 to 8, inclusive, with headquarters at 
Windsor Hotel. This is the first time the convention has 
been held in Canada and it was attended by about 4® 
railway men from all parts of the American continent. 
The convention opened Tuesday morning with an ad- 
dress of welcome by Mayor Ekers and a response by 
President Carlton. Work of the Association was made 
the subject of addresses by Messrs. H. H. Vaughan and 
W. E. Fowler, which were followed by the annual presi- 
dential address by President Carlton, in which he dis 
cussed the recent developments of air-brake work, par- 
ticularly in regard to the control of high speed trains. He 
strongly emphasized the necessity of air brake men mak- 
ing themselves thoroughly familiar with th 


annual 
Montreal, 


new sys 
tem of the electrical operation of air-brakes, which is 
now being adopted on many of the fast express trains 
in the States. This system, he said, had re ently been 
adopted with success by the New York Central and 
Pennsylvania lines, and was being also usei by many 
of the elevated and subway roads, owing ‘to the much 
better control of fast trains secured by use. A 
lengthy and detailed report was then read from the com- 
mittee on ‘‘Recommended Practice,” which ‘horoughly 
covered the whole system of handling air-brakes, and 
formulated a number of rules for their u and care 
At two o’clock the delegates took a special ‘rin on the 
Canadian Pacific Ry. and visited the Angus ps of the 
company. A ball at Stanley Hall complete! ‘he days 
program. 

A number of technical papers were read at \\einesiiy 

_ morning's session, and at 115 p. m. the p: ‘y left dy 
special train over the Grand Trunk Ry. OQ -tawa 
where they spent the afternoon sightseeing 1 visit.og 
the House of Parliament. 

The papers read at the morning session \ by Mr 
Duscn, Resident Engineer, New of the nghowe 
Air Brake Company, on ‘‘Recent Improvem: to Air- 
Brakes as Applied to Railway Work’; Mr.  F. Weat- 
worth, Inspector of the New York Air-Brak ympany 
described various improvements to his com: s brake 
system, and Mr. C. C. Farmer, New York, gineer of 
the Westinghouse Company, gave an addres 00 “Ne¥ 
Phases of the Triple Valve Brake. 

The convention closed Friday with a busine — sessiot 
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CORRESPONDENCE. 


“The Cost of Competition.” 


Sir: The review of my ‘‘Cost of Competition,” which 
appeared in the Supplement for May 17, was friendly 
enough, but the reviewer entirely missed the key-note 
of the book. He said that my arguments would all be 
knocked in the head ‘by considerations of human nature, 
or that they omitted all such considerations. Of course 
they did. It was the prime and avowed topic of the book 
to discuss merely the forced relationships of individual 
human natures, taking them as they now are. For in- 
stance, engineering science consists in the use of ma- 
terials such as we now have—impure iron, steel, brass, 
ets., none of them ideal—for our ends, by their association 
in more or less correct relationships. The question of the 
proper production of pure metals is the business of the 
metallurgist, rather than of the engineer. Yet is there 
no place for the engineer and his mechanics? Can he not 
easily so misplace his metals, in their use, as to lead to 
impact, friction, vibration, erosion, from too great con- 
centration of pressure, etc., so that the efficiency of action 
falls to fifty, forty, thirty, or even zero per cent.? Or 
may he not, on the other hand, so use his metals, with 
care, patience and wisdom, that the efficiency rises to 
seventy, eighty, ninety or over per cent.? 

This is the only question before the house. In our 
present industrial organization we have a most intricate 
structure for carrying out energy-transformations on an 
enormous scale; and yet its internal relationships have 
never been made the subject of study in the light of. 
modern science, or of deliberate design based thereon. 
They have been inherited, haphazard, from a brutal and 
ignorant past. Only as the internal friction and impact 
periodically became too great to permit further operation 
at all has reform been instituted; and then chiefly by 
revolutionary surgery, under the stress of passion. 

Here, in my ‘‘Cost of Competition,’’ is a study of the 
internal efficiency of this industrial mechanism. Its pure, 
unnecessary friction and impact are revealed by me- 
chanical analysis, Then the historical growth of that 
friction is discussed; it is shown how, since 1850, the 
efficiency of energy-transformation during economic ez- 
change only, saying nothing about production, has fallen 
steadily from 70% in 1850 to 30% in 1900! Diagrams are 
given showing the increasing rate of drop in this ineffi- 
clency. 

Here is all this done by an engineer for engineers, based 
upon the principles of the conservation of energy and of 
intensity-drop, upon the laws of motion and friction. 
Here is another engineer who reviews the work for en- 
xineers by saying. “It amounts to naught. Your ma- 
teria's are poor, and your discussion will make them no 
better.’’ 

It is discouraging! Of course the materials are poor. 
How much can be done to make them better? Here we 
have schools and churches and libraries and missions 
erowing as never before, based upon a science more com- 
plete than ever before; and still the inefficiency of a 
wrong relationship between citizens grows steadily and 
acceleratingly upon the community! Can your reviewer 
See no distinct problem here, and a problem appealing 
especially to engineers? 

And does the simile end here? In mechanics, if a ma- 
hine be poorly designed we note, even in inert metals, 
4 resultant deterioration under stress and impact. Is 
not human nature to be expected to be more sensitive to 
‘ts environment than is metal? Has the whole Second 
Part of my “Cost of Competition,” showing how much, 
‘f not all, degeneration of human nature is the incidental 
result, and no primary cause whatever, of the wrong 


relationships imposed upon men and women, by the vigor 
of institutional laws and customs which are as old as 
slavery itself—as devilish as slavery, and as remediable, 
with a little courage and clear-headedness—has all this 
gone into one of your reviewer's ears and out the other? 
Yours very truly, 
Sidney A. Reeve, Consulting Engineer. 
Worcester, Mass., May 31, 1906. 


[Mr. Reeve’s communication will convey to our 
readers a better idea of the spirit and purpose of 
his book than could any review, unless it were 
a long one, which included extracts from the vol- 
ume. We therefore take pleasure in publishing 
it and in again bringing the volume to the atten- 
tion of engineers and economists.—Ed. ] 


“Heat and Light from Municipal and Other Waste.’ 


Sir: My attention has been called to the review of my 
book, ‘‘Heat and Light from Municipal and Other 
Waste,”’ in your issue of May 17, and as I feel sure you 
do not desire to do an injustice to any book sent you 
for review, I call your attention to the unfairness and in- 
justice of same. 

That I am unbiased and unprejudiced in my opinion, I 
think can be clearly seen from the fact of my advocating 
both the reduction and incinerating methods of waste dis- 
posal, depending on the nature of the waste. See page 8, 
and also my report to the Sanitary Committee of the City 
Council of this city, pages 14, 15, and in other parts of 
the book. As much space is given to reports from cities 
and companies operating reduction plants, as to those 
operating incinerators, and every report is given ‘‘per 
haec verba,’’ as received by me from the different city 
officials. For the city of St. Louis I am at present, and 
at the t:me this book was written, advocating the use of 
one reduction plant for the 23% of refuse capable of re- 
duction in my opinion. 

Of the 305 pages of this book, only 38 pages mention 
my inventions, all of which, except one, are in daily use; 
and then only in a descriptive way, without one word of 
commendation or disparagment of the work of others, 
and simply to bring out the requirements necessary for 
the proper incineration of refuse, and the operation of 
incinerating plants. 

In reference to the franchises and legal forms, they are 
all taken in toto from forms which have stood the test of 
courts and have been approved by legal authorities whose 
opinion on legal subjects naturally are of more value 
than yours. 

You state that a considerable number of errors are 
noted in the book and yet you fail to mention one which 
you can show to be an error. The report on the cost per 
capita of disposal in New York City is taken from the 
U. S. Census Report (see Bulletin No. 20, page 235). The 
report of the disposal of the refuse of Chicago is taken 
direct from the opinion delivered by the U. S. Supreme 
Court in the case of State of Missouri vs. State of Illi- 
nois and the Sanitary Drainage District. The report that 
the city and county of San Francisco receives 2% on the 
gross receipts for burning garbage, was taken from the 
official records of that city and from a personal letter 
to me from Mr. Andrea Sharboro, Secretary of the Sani- 
tary Reduction Works of that city. You make the state- 
ment that some of the cities enumerated by me where the 
reduction process was a failure never had a reduction 
plant, except for experimental purposes, and in at least 
half of them you state reduction plants are in operation 
to-day. Please name me one-giving satisfaction, or one 
having such a plant in operation, and which has not 
been declared a nuisance, or in litigation. 

You say that my statement that a properly constructed 
incinerating plant can never become objectionable is 
absurd. With such a plant, there must be complete 
incineration and no odors and hence unobjectionable. A 
hundred of such plants are to-day in operation in Eng- 
land. Then why is this statement absurd? A fool can 
wreck the finest engine, but it is assumed no one would 
knowingly put him in charge of same. Should you read 
the book carefully you will find that I repeatedly state 
that skilled engineers and stokers must be in charge of 
incinerating plants. 

Lastly, in reference to heating plants, I made the state- 
ment that there certainly should be profit sufficient dur- 
ing the heating season to satisfy any company. This 
is no superficial view of the subject. If you will look 
into the subject you will find that many heating plants 
pay more than expenses burning coal at $2 per ton, and 
half a do-en companies are making a 19% div dend, payirg 
3% cts. per 1,000 Ibs. for exhaust steam. Then why not 
make handsome profits when their heat would cost noth- 
ing, as would be the case if operated in conjunction with 
incinerators? In fact, a company has been formed in this 
city, which proposes to offer both a bonus and large per 
cent. for such a franchise. 


ENGINEERING LITERATURE 


plement to ENGINEERING NEWS. 


New York, June 14, 1906. 


I am aware that my book is far from perfect, but so 
far as I can see you have failed to call attention to 
any real defect or error in same. I feel sure after verify 
ing my above statements, you will make the 
amends, Very truly yours, 

Jos. G. Branch. 

City Hall, St. Louis, Mo., May 22, 1906 


proper 


[Some of Mr. Branch’s comments on the review 
of his book deal with matters of opinion and 
some with matters of fact. As to opinions we 
must, for the most part, let our readers choose be- 
tween those expressed in the review, on the one 
hand, and in the book and the foregoing com- 
munication, on the other. 

The reviewer did fail to state that in one or 
two places the author suggested the use of re- 
duction plants, but this seemed over-balanced by 
the objections to such plants raised by him. As 
to the forms of franchises and contracts, the 
question raised was not one of legality, but rather 
of public policy. 

The New York figures were correctly copied 
by Mr. Branch, but are, nevertheless, wrong, the 
Census Bulletin itself being in error. The Chi- 
cago figures cited refer to sewage, and not to 
garbage and the like, with which last, as our 
readers know, the famous Chicago-St. Louis con- 
troversy had nothing to do. The San Francisco 
figures are a percentage of gross receipts, and not 
a rebate, the city itself paying nothing to the 
company. 

It is absurd to say that a properly constructed 
incinerating plant cannot be a nuisance for the 
very reason that Mr. Branch himself now sug- 
gests: because improper operation will make it 
so. It is hoped that central heating by means 
of heat from refuse destructors will prove prac- 
ticable and profitable, but until more is known 
regarding heat utilization from American refuse 
it seems fair to raise a question as to the proba- 
bilities.—Ed. ] 


> 


“Garbage Crematories in America.”’ 


Sir: In the review of my book, entitled ‘‘Garbage Cre 
matories in America,’’ published in the Supplement for 
May 17, you speak of certain opinions expressed by me 
relating to (1) the necessity for purifying the liquid 
wastes from garbage reduction plants before discharging 
them into bodies of water; (2) the necessity for determin- 
ing that these liquids will not prove injurious to sew 
age purification works before discharging them into 
sewers, and (3) the value of ‘‘tankage,”’ as ‘‘unwar- 
ranted.’”’ The opinions expressed by me were not given 
without consideration, although in a book purporting to 
deal with crematories I did not think it desirab!e to go 
into explanations regarding allied matters any further 
than was necessary to make the relations of the outly- 
ing subjects to that of cremation intelligible. Since you 
have called attention to the. statements made by me, on 
matters quite aside from the main subject of my book, 
and not discussed at length therein, I trust that you wil! 
allow me to express more fully in your columns my at 
titude regarding the various processes of reduction, and 
the sanitary d'sposal of the waste liquids, as well as the 
value of the tankage for fertilizer. 

I hold that the disposal of any liquid that is capable of 
putrefying when exposed to the air shou'd be aleng 
the same lines as the disposal of sewage. The question 
of sewage disposal is a very complicated one; but I think 
that. it is universally admitted that in the majority of 
places it is most advisable to remove from the sewage 
most of the organic matter so that it cannot putrefy sub- 
sequently. Most reduction systems heat the garbage in a 
closed receptacle, and subsequently separate the liquid 
from the solid portion, and from the liquid portion ex- 
tract the grease. After the grease is extracted the liquid 
still contains a very large amount of organic matter in 
solution; a larger percentage than is found in solution 
in crude sewage. The liquid is, however, sterile, because 
of the heat to which it has bepn sujectel. While it 
is not likely to be a source of infection to the stream 
into which it is discharged, it introduces into that stream 
a large quintity of organic matter that must be oxidized 
by the oxygen already in solution in the water of the 
stream, or it will putrefy and cause an offensive odor, as 
well as render the water unfit for use. I know of no 
use to which water is put in which the presence of a 
large quantity of organic matter is desirable. 

As for the caution that I expressed against discharging 
the effluent from a reduction plant into a sewer leading 
to a sewage purification works already installed, I would 
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say that this caution is given because of experience that 
I have had with sewage purification plants in operation. 
Where a plant is designed to do certain work, it should 
not be called upon to do more work; and everybody who 
has had extended experience in the care of sewage purifi- 
cation works knows that a considerable increase in the 
quantity of sewage to be handled, or a considerable in- 
crease in the strength of the sewage, should not be made 
unless the plant is adapted to care for the increase. This 
is especially true of the more complicated systems where 
large quantities of sewage are cared for in a compara- 
tively small area. My statement does not mean that 
the sewage works cannot be made to purify the effluent 
from a reduction works, provided it is designed with 
this object in view. 

The point that ought to be recognized in this connection 
is that the disposal of the liquid resulting from the re- 
duction processes should be complete, and the cost of 
this disposal should not be charged to the disposal of 
sewage, especially where the selection of a reduction plant 
is being considered in competition with other methods of 
disposal. In this connection I would add that there 
are quite a number of reduction systems now offered, and 
more being devised, and that some of them use chemicals 
to assist in the separation of the grease from the water, 
and that it should be definitely known that the par- 
ticular chemicals employed in any specific case will not 
be injurious to the sewage works. 

As for the value of the tankage, I acknowledge that the 
particular paragraph quoted by you would not cover 
the subject justly were it the object of the presentation 
to point out just when reduction is profitable. But the 
object in that connection is to point out, what I believe 
is the truth, that tankage cannot be relied upon to pro- 
duce a valuable fertilizer. It is true that it is extensively 
used as a fertilizer ‘‘base.’”” If any person interested in 
this subject will look up the meaning of this term ‘‘base’’ 
he will find that it means a material used to dilute a 
chemical product having a much higher fertilizing value. 
Some years ago I was interested in the problem of fer- 
tilizers, and had occasion to examine a number of the 
reports of the Department of Agriculture relating to the 
value of various products. One thing the tankage always 
does add to the fertilizer produced from it, and that is a 
most offensive and penetrating odor. Aside from the 
actual value of this material as measured by the quan- 
tity of useful matter that it communicates to the land, 
there is the more important problem (to the party who 
has it to sell) of marketing it at a profit. The facts are 
that the market value of it depends upon the nearness of 
it to a center of agriculture where this kind of fertilizing 
material is in demand, and that the value of it is almost 
invariably overstated by those interested in introducing 
reduction machinery. In very many localities it will not 
bring a price sufficient to pay for the handling. The 
grease, on the other hand, is sufficiently valuable to bring 
a fair price wherever it is produced, and in many plants 
proposed it must be relied on to produce the income 
upon which the plant must rely for the justification of 
its existence. 

Far from being unfriendly to the reduction processes, 
I favor them wherever they can be shown not to be more 
expensive than other equally sanitary methods of gar- 
bage disposal. I do not think, however, that a reduction 
plant discharging its waste liquids into a sewer, where 
they must be purified at the expense of another branch 
of the municipal administration, should be compared as 
to cost of operation with a crematory where all the liquids 
are evaporated, and I do not think that at present small 
reduction plants can be operated at less cost to the com- 
munity than small crematories that will do the work 
in an equally sanitary way. If you will refer to Chapter 
10 of my book, entitled “‘Summary and Suggestions,” 
you will note that I recommend municipalities having 
a population of over 40,000 persons to investigate the 
processes of reduction, If the price obtainable for the 
products of reduction were the same in all localities, 
the cost of operation uniform, and the amount of salable 
material per ton of garbage reduced not subject to wide 
variation, it would be possible to state with precision, in 
a general way, just how large a municipality must be to 
make reduction profitable under favorable conditions of 
haul; but these things vary within such wide limits that 
it seemed to me that the only course that can be pursued 
by one writing upon the general subject of crematories 
is to point out where the methods of disposal which he is 
not especially describing may be of interest to the reader. 

Very truly yours, 
Wm. Mayo Venable. 

237 Broadway, New York City, May 25, 1906, 


|The foregoing remarks would make a valu- 
abie addition to Mr. Venable’s book and we hope 
he will include them in a future edition. Would 
t not have been well to have been more guarded 
in the original remarks on reduction if it was 
felt that the subject could be scarcely more than 
mentioned? In a book on cremation it would 
have been quite proper, of course, to omit all 
reference to other means of disposal.—Ed]. 


Railway Freight Yards and Terminals. 


YARDS AND TERMINALS AND THEIR OPERATION.— 
By J. A. Droege, Division Superintendent, New York, 
New Haven & Hartford Ry. New York: The Rail- 
road Gazette. Cloth; 6 x 9 ins.; pp. 285; 31 figures, 
mostly in the text. $2.50. 

In reviewing this book it may be considered 
strictly without comparison with other works, 
as it takes up a subject hitherto dealt with 
mainly in the technical press and the proceed- 
ings of technical societies. This subject has of 
late years assumed such importance that it is 
quite time it should be dealt with in the extended 
manner which is possible only in a special pub- 
lication. At the outset it may be said that the 
book under consideration is satisfactory in its 
comprehensiveness and completeness, as well as 
in its concise and readable treatment. The 
author is not afraid to make frequent and ex- 
tended quotations or to give credit for them, and 
the quotations add to rather than detract from 
the character of the book, as they not only show 
what others have said and done, but also show 
that the author has not relied solely upon his 
own experience and opinions. 

The book deals with practically two distinct 
subjects: (1) The design and equipment of yards; 
(2) the operation of yards. The latter subject 
has in the past been very largely disregarded by 
the engineer (even when having more or less 
work to do in connection with yards), as being 
quite out of his province. As a matter of fact, 
however, an intimate knowledge of the methods 
and conditions involved in yard work is abso- 
lutely essential for the engineer in the design 
of yards which will be efficient and economical 
in operation, and more especially for the large 
yards which are becoming such a distinctive 
feature of railway facilities. 


The importance of terminals is first briefly dis- 
cussed, but might have been made more con- 
spicuous by some statistics of the actual work 
of large terminals, instead of the traffic statistics 
for the entire railway system of the country and 
the local passenger traffic statistics of New York 
City. In fact, it may be explained here that 
the book does not deal at all with passenger 
terminals. Two chapters are devoted to the im- 
portant subject of yard design, with the numer- 
ous conditions and considerations involved, and 
it is shown that the present tendency is towards 
full cooperation of the engineering and operating 
departments in this matter. One interesting fea- 
ture which may be noted is that with the enormous 
growth of traffic a single yard of sufficient ca- 
pacity for the entire business may be too large 
for prompt and economical movements, and as 
a result of this some roads have established 
separate yards for general merchandise freight 
and for such special freight as coal; in this way 
each yard is kept within economic limits. The 
chapter on track details relates mainly to frogs 
and switches, and the question of hand or power 
operation of switches. The author expresses the 
opinion that for the ladder tracks of classifica- 
tion yards the most economical and practical 
plan is to operate the switches from a tower or 
central point by direct lever movements, not in- 
terlocked. Plants for supplying ice to refrigera- 
tor cars are given a short chapter, as are engine 
coaling stations and ashpits, but the two last are 
treated in other works and do not call for special 
notice. Mention may be made, however, of the 
author’s suggestion to run the locomotives upon an 
elevated track and to discharge their ashes di- 
rectly into metal cars which can be hauled in 
local freight trains and dumped at any required 
point, thus avoiding all shoveling and all ash- 
handling machinery. 

The next subject discussed is that of methods 
of switching the cars for classification. Poling 
and summit switching are naturally given the 
most attention; tail switching is objectionable 
for large yards or large business, and gravity 
switching (without the use of an artificial sum- 
mit) is rarely applicable. The author is inclined 
to prefer the poling system, on the ground of 
the facility with which cars can be started at 
varying speeds, according to the conditions of 
the weather and of the individual cars; another 


advantage is that the engine works at the 
of the train, so that the crew can see th, 
men’s signals clearly and can also see th. 
of clear track on the body track upon whi 
car is to be sent. Mention is of course ; 
the large Chicago clearing yard built fo; 
switching, but unfortunately this yara , 
owned by independent interests) has ne 
used commercially, each railway prefe, 
do its own work with its own facilitic 
than to pay an outside company for per: 
this service. A large number of rece) 
railway yards on the summit system 
ever, described and illustrated. 

Freight houses and team tracks or ‘ 
livery yards are given a separate chay 
which reference is made to freight storag; 
or warehouses and to freight houses 
several floors in order to economize in 
area occupied. The chapter on freight 
deep-water terminals consists mainly of 
port on this subject made in 1903 by th: 
and Terminals Committee of the America, 
way Engineering & Maintenance of Way 
ciation. Coal piers and coal storage pla 
dealt with in a short chapter, but no me 
made of coal car dumping machines as 
shipping piers. The book contains no ref. 
to the special facilities or arrangements rev 
for serving grain elevators. 

The chapters dealing with the operati 
yards and with train service in relation to 
work occupy about 87 pages and commen 
the intricate subject of the records of 
handled. To those of the uninitiated who hx 
ever watched yard work it might seem a hope! 
matter to attempt to keep such records, 
perusal of this chapter leads one to wonder 
these voluminous records can be kept under the 
press of work and the adverse conditio: vf 
darkness and weather. Other interesting and 
important matters dealt with are as fo : 
(1) The management and discipline of the yard 
forces; (2) The duties and requirements 
yardmaster; (3) The loading of cars and 
freight house and station work; and (4) The 
special requirements and methods involved in 
fast-freight train service. All these, however 
we can only note in passing, although they relate 
very intimately to the details of yard operation 
The making up of trains is a matter of a more 
technical character, involving problems of trac- 
tive power and the modern method of tonnage- 
rating instead of car-rating for trains; it also 
has to consider the arrangement of air-braked cars 
to comply with legal requirements. Nearly every 
road now has some formula for tonnage rating; 
some of these are simple and only approximate, 
others are complex and more difficult of appli- 
cation, but giving (theoretically at least) greater 
accuracy. In any case the formula must be used 
as a guide only, and variations made in the 
actual train tonnage to provide for varying con- 
ditions of engines, weather, etc. 


are 


It will be seen from the above review that the 
book is one for the engineer and the superinten- 
dent, for the yardmaster and for the student of 
or beginner in railway service. The comprehen- 
sive scope and concise treatment are worthy of 
note; and the same may be said also of the large 
clear type employed, and of the general satis- 
factory mechanical work upon the book. 


PROPOSED PLANS FOR THE IMPROVEMENT OF T!/8 
CITY OF DENVER.—By Charles Mulford Rot i 
(Rochester, N. Y.) Denver, Colo.: Art Comm. 
City and County of Denver. Paper; 6 x 9 ins.; PI 
24; one diagram. 

It is a pleasure to note another addition to 
list of cities that are striving, through orga! 
tions of public spirited citizens, to improve t! 
street plans and beautify their cities. In (> 
Supplement for April 19 a somewhat similar '- 
port on Columbia, S. C., another State Ca} 
was noted. In the report before us the grou! > 
of public buildings and the opening up of spa 
in front of the capital building and some chanses 
in parks and boulevards are the chief impr 
ments suggested. 
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I ning Co., Ltd. Cloth; 5% x 8% ins.; pp. 672; 
sures, mostly in the text. $5, net. 

T rst editiom of this book was issued in 
Sin in a brief preface to the second edition, 
ser says: 4 


W ily partly effected by the author the revision 
of t! ook for the present edition was interrupted by 
. at weakness which, unfortunately, resulted in 


7 vork of the reviser was limited to prac- 
tica rewriting six chapters and three of the 
appendices. He hopes that his work will result 


« the book a fresh lease of some useful- 
ness and in keeping it alive to the memory of his 
late friend. 

The book is essentially a compilation of the 
principles, theory and results of experiments on 
the mechanical engineering features of electrical 
power plants, with some illustrated descriptions 
of existing plants. After treating in the 
first chapter of the fundamental principles of 
mechanics, the author gives a few pages in the 
second chapter to details of the problem, which 
include the factors of idleness and of under- 
loading and the character of power station load 
The next ten chapters are devoted 
to fuels, thermodynamic principles, steam fur- 
naces and boilers and the steam engine. This 
completes the first 350 pages of the book. 

Part III. treats of gaseous and liquid fuels, gas 
producers and gas engines, and occupies 74 pages. 
Part IV. treats of water power plant in 55 pages. 
Part V. (88 pages) is devoted to belt and rope 
gearing, countershafts and couplings, pair-closed 
gearing, and gearing in relation to electric power, 
closing with a statement as to the probable ex- 
tinction of gearing in stations. Part VI. com- 
prises a chapter of 26 pages on steam power sta- 
tions, and another of 32 pages on gas and water 
power stations. These chapters give illustrated 
descriptions of several British power stations. 
The appendices include one on Druitt Halpin’s 
system of thermal storage, one on later develop- 
ments of internal combustion prime movers and 
one on analyses of accounts of some gas and 
steam stations. 

The work is thus seen to include many sub- 
jects which are usually treated in separate books. 
It is neither a text-book nor a work of reference 
but practically an encyclopaedic compilation, 
from various sources, of descriptions and data 
on mechanical engineering which are supposed 
to be of interest to the electrical engineer. It is 
difficult to say just what field of usefulness the 
book can have. The engineering student will 
find each of the subjects of this book treated in 
far better shape in numerous standard works, 
and the general reader who is not a student will 
find the book in many cases too difficult of com- 
prehension for ‘him. For instance, thermo- 
dynamic principles are treated in the old- 
fashioned method of the calculus, and entropy is 
defined as follows: 


diagrams. 


Thus, the same mass of gas may be worked under an 
indefinite number of perfectly adiabiatic operations in suc- 
cession, by successively varying some function of the 
initial intrinsic energy and the temperature. This func- 
tion has been called by Clausius the entropy of the sub- 
Stance, whether gaseous or otherwise. 

Some pages further on the newer method, that 
‘f the temperature-entropy diagram is given, but 
as only two pages are devoted to it the treatment 
's necessarily incomplete. 

The author is not even a judicious compiler. 
In treating the subject of energy, on the second 
Page of the book, instead of going back to the 
old-fashioned definitions of Rankine and his fol- 
owers, he treats the subject in this manner: 


There are only two things in the material universe— 


- e ind matter—or, some would say, energy and ether, 
* an of College of Applied Science, Syracuse Univer- 
Syracuse, NY. 


. 


In discussing the system of units adopted in 
mechanical engineering, the author says: 


The unit of mass in this system is designed to cor- 
respond to the units of force and velocity, and is such 
that if a force of one pound acts on it for one second 
it will acquire a velocity of 1 ft. per sec. Inasmuch as 
the weight-force of a pound acting on its own mass alone 
will cause it to acquire a speed of 32.2 ft. per sec. at the 
end of one second (g), it will be evident that the unit of 
mass must be 32.2 times more massive than 1 lb., or will 
equal 32.2 Ib. 

This quotation shows that the author has ob- 
tained his ideas of mechanical engineering units 
from some of the recent books written by physi- 
cists rather than by mechanical engineers. <A 
mechanical engineer never uses as the unit of 
mass 32.2 lbs. His unit is always the pound 
avoirdupois, which is also his unit of weight, 
whether the word “‘weight”’ is defined in the good 
old dictionary way as a measure of the quantity 
of matter or in the restricted way in which it is 
used by regular writers on physics, not engi- 
neers, as the amount of the attraction of gravi- 
tation on matter. In 99 cases out of 100 the en- 
gineer when he uses the word weight means the 
quantity of matter as determined by weighing 
it on a platform scale or on an even balance. 

In treating of chimneys the author covers three 
pages, but what he has to say is entirely theo- 
retical and is of practically no use in the actual 
design of a chimney. In treating of steam boiler 
efficiency the author makes some statements 
which appear to the present writer to be quite 
new—at least he has never seen them elsewhere. 
Thus: 


The steam boiler has the credit of being considered by 
engineers to be a very efficient appliance; but it requires 
only a little investigation on scientific lines to reveal the 
fact that this credit is entirely misplaced, and that the 
steam boiler is a most inefficient and wasteful adjunct to 
the power plant. ... 

Only 20%, or 2,780 B. T. U., is wasted in radiation and 
other losses, and in developing the draft. Accordingly, 
it has been said that the thermal efficiency of a good 
boiler may be as high as 80%! 

The argument is specious, but utterly wrong. Of what 
use is it that the boiler should turn out 80% of the total 
heat of the fuel, when it turns it out in such a form 
that only a very small fraction of this percentage can pos- 
sibly be utilized for doing work? 

Some writers have attributed the great inefficiency of 
steam plant to the engine, not to the boiler. That the 
boiler and not the engine is principally the culprit is 
evident from the fact that if we wish to cause a con- 
siderable rise of efficiency, we must improve the boiler; 
there is not much need to improve the engine. 


As a sample of the style of the author the fol- 
lowing, from the introduction to his chapter on 
Hydraulics, page 439 is quoted: 


It will be unnecessary here to pursue an inquiry into 
the action by which solar heat or soli-lunar tide raises 
water from any level to a higher level. We start with the 
fact of its being so raised, dnly staying to recognize that 
water per se has no energy virtue—its mass and the action 
of gravity on that mass are all that constitute the source 
of energy. The fluidity of the water and the ceaseless 
eyclic return which nature causes it to make to the 
higher level are, however, valuable factors in the prac- 
tical utilization of gravitational energy. Otherwise we 
might erect gravity engines worked by any other fal’ing 
mass—e. g., rock. The theory of gravitation engines, as 
applied to water motors, consists of a portion which will 
be independent of the special properties of water, and a 
portion which will include these special properties—of 
fluidity, viscosity or friction, incompressib.lity, etc.—in 
its subject matter. 


In discussing the question of head, he says: 


The total head of any given mass is equal to the ratio 
of the gravitational energy of that mass divided by the 
weight of the mass; and it is found by determining the 
height through which, if that mass were raised, it would 
acquire an additional amount of potential energy equal 
to its gravitational energy due to the total head. 

The above extracts are examples which are 
seen frequently throughout the book of the tend- 
ency of the author to treat the simplest kind of a 
mechanical subject in language which requires 
to be read several times by the ordinary reader 
before he can form a comprehension of just what 
it means. 


The book contains a great quantity of useful 
facts concerning mechanical engineering, and if 


but the reviewer ought to give his honest opinion, 
and he must say that the book is one of the kind 
that should not have 
edition. 


passed beyond its first 


A Book for English Trade Schools. 


EXPERIMENTS ON HOT WATER SYSTEMS.—By A 
Sayers, Lecturer on Plumbing, Municipal Technica 
Institute, Belfast. With Prefatory Statement by F. C 
Forth, A. R. C. Se. L., Principal, Municipal Technical 


Institute, Belfast. (Revised and Reprinted from "The 
Plumber and Decorator.’’) London, England Sani- 
tary Publishing Co., Ltd. Belfast, Ireland: W. Ers- 


kine Mayne. Cloth; 5% x 8% ins.; pp. 168; numerous 
illustrations in the text. ds., net; American price, 
$1.20. 
This is a book. Most American en- 
gineers, judging the book by its title, would sup- 
pose it to be a boek about hot 
house heating. 


curious 


water systems of 
Actually it relates entirely to the 
hot water piping in connection with the common 
range boiler. Now, why should anybody 
periments on so simple and everyday a 


try ex- 
piece of 
apparatus as the hot water piping from a range 
boiler? It is, under all 
serviceable and innocuous. 


ordinary circumstances 

Why not let it alone? 
These experiments were not 
They number nearly thirty. 


number. 
They were not made,, 
as one might suppose, by a journeyman plumber, 
to kill time—for which somebody paid at 
union rates—but by the Lecturer on Plumbing in 
the Municipal Technical Institute of Belfast, Ire- 
land. They were made in the Institute Work- 
shops “during the 1902, 1903 and 1904.” 
The preface to the book, written by the Principal 
of the Municipal Technical Institute, states that 
he was “a constant and very interested observer 
of the experiments during their and 
that “those more competent to judge of the prac- 
tical aspect of the question that I am have stated 
that the book throws much light upon many hot 
water circulation hitherto little 
understood.” 


few in 


else 


years 


progress,”’ 


problems very 

Evidently the principal saw that the “Lecturer” 
was busy with his students doing things that had 
at least a practical aspect, and the Lecturer ap- 
pears to have. been one of those men who 
imbued with a zeal for “research,” no matter 
whether the object sought for is worth a picayune 
or not. 


are 


It is not worth time or space to criticise in 
detail the matter of the book, except as it throws 
an interesting sidelight on current British meth- 
ods of instruction in Technical Institutes, or, as 
we should call them, trade schools. The book re- 
lates, of course, to British plumbing practice, 
which is so different from American, that even 
if an English plumber could something 
from this book, it is safe to American 
could not. 

It is, we believe, generally accepted in this 
country that in order to teach a technical subject 
to an ordinary workman of limited education, 
and perhaps of limited mental ability, the whole 
subject must be presented in the and 
plainest manner possible. The more we surround 
a subject with mystery and big words, and the 
more we harp on the difficulties and profound 
problems, the less likely is our student to acquire 
a practical working knowledge. We 
pared these “experiments” with a condensed 
treatise on plumbing issued by an American cor- 
respondence school. The latter is direct, plain 
and brief, and appears to us well adapted to give 
the journeyman plumber a clear understanding of 
his work. The “Experiments,” on the other 
hand, appear to us well calculated to lead the 
journeyman into hot water, and leave him be- 
wildered as to how he came there or how to get 
out. 


learn 
say an 


simplest 


have com- 
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Electrical Books. 
Reviewed by Henry H. Norris.* 


EuwECTRIC TRANSMISSION OF WATER POWER.— 
By Alton D. Adams, A. M., M. Am. Inst. E. E. New 
York: McGraw Publishing Co. Cloth; 6 x 9% ins.; 
pp. 335; 105 figures in the text, $3, net. 


NOTES ON ELECTROCHEMISTRY.—By F. G. Wiech- 
mann, Ph. D. New York: McGraw Publishing Co. 
Cloth; 5% x 8% ins.; pp. 145. §$2, net. 


ELEMENTARY ELECTRICAL ENGINEERING. — Ia 
Theory and Practice. A Class Book for Junior and 
Senior Students and Working Electricians. By J. H. 
Alexander, M. B., A. L. E. E., Author of ‘‘Model En- 
gine Construction.’ London, Eng.: Crosby Lock- 
wood & Son. New York: D. Van Nostrand Co. Cloth, 
5 x 7% ins.; pp. 208; 181 figures in the text. §2, 
net. 


PRACTICAL ELECTRIC RAILWAY HAND-BOOK.—By 
Albert B. Herrick, Consulting Electric Railway Engi- 
neer. Second Edition, Revised and Corrected. New 
York: McGraw Publishing Co. Leather; 4% x 6% 
ins.; pp. 460; 329 figures in the text. $3, net. 

The electrical transmission of power affords one 
of the most attractive fields for engineers and 
inventors. This results from the possibility of 
transforming mechanical power into high ten- 
sion electrical form with comparatively small 
loss. Such high tension power can be transmitted 
to any distance, the commercial limit being set 
only by the cost of erecting and maintaining the 
pole line. Transmission lines are being extended 
in all directions from the principal water power 
sites in this country and abroad, and there ap- 
pears to be little difficulty in disposing of the 
transmitted energy. This is needed for railway 
and lighting purposes everywhere, and when elec- 
tric energy from a transmission line can be 
bought at a reasonable price it readily displaces 
its steam generated rival. The fact that en- 
gineers are studying the subject is indicated by 
the rapidly increasing quantity of literature de- 
voted to it, one publisher alone having put out 
four volumes within a few months. The meetings 
of engineering societies are frequently occupied in 
important discussions dealing with the several 
phases of the transmission problem. 

Among the recent books, that of Mr. Adams is 
one of the most readable and compact. It may 
be characterized as a brief résumé of the present 
practice in transmission line construction, with 
some reference to the design and arrangement of 
water power plants. It is practically all devoted 
to descriptive matter which is introduced to illus- 
trate certain fundamental principles. The autho 
has arranged the material systematically under 
a number of topics, the first treating of the im- 
portance and utility of water powers and giving 
a list of the present water power transmission 
systems, with the names of the cities in which the 
energy is delivered. The prophecy is made that 
within the next ten years the greater part of the 
electrical supply on this continent will be drawn 
from water power. Immediately following the 
introductory chapters is a discussion of the cost 
of conductors and the limits to which power may 
be economically transmitted, these two matters 
being very closely allied. The location and ar- 
rangement of water power stations are next 
treated, and a number of interesting examples 
of modern plants are employed to emphasize the 
statements. The illustrations in this section are 
particularly interesting, as they include a num- 
ber of typical stations, in course of erection and 
in completed form. A chapter on design is in- 
serted at this point, and it forms a summary of 
the lessons taught by a study of the different 
installations. In connection with the power plant 
some space is given to the component machines 
and other devices of which it is composed. Al- 
ternators, transformers, switchboards and acces- 
sories are included under this head. Then fol- 
lows a chapter on regulation of electrical pres- 
sure in the transmission system, which subject 
serves to connect the two main sections of the 
book, the first of which is mainly devoted to the 
power plant, while the latter covers the problem 
of the transmission line. 

The latter half of the volume is devoted to the 
construction and operation of the transmission 
line. Starting at the station the author first 
shows how the line is protected from lightning 
and from accidental crossing with other lines. 


*Professor of Electrical Engineering, Cornell University. 


Ithaca, N. 


He then discusses the relative merits of the dif- 
ferent materials used as line conductors and in- 
dicates the principles to be followed in selecting 
conductors from the standpoint of power losses 
in the circuit. This naturally leads to a brief 
statement of the reasons for selecting particular 
arrangements of circuits for given cases and 
typical lines are cited to give force to the argu- 
ments advanced. The pole line and its recent 
competitor, the steel tower line, are treated in 
an ample manner and such important details as 
insulators and pins are given deserved promi- 
nence. 


The book occupies the same general field as 
Bell's Electric Power Transmission, Perrine’s 
Electrical Conductors, and the two volumes on 
high tension power transmission recently issued 
by the same publisher. The last-named com- 
prise the valuable papers presented in recent 
years before the American Institute of Electrical 
Engineers and the International Electrical Con- 
gress of 1904. Adam’s book gives a good sum- 
mary of the subject in small compass and in a 
very easy style. The book is well illustrated and 
it contains many useful data on general practice. 
An ample index increases its value as a reference 
work. To the general engineer it will probably 
prove as useful as the more elaborate and ex- 
pensive works. 


WIECHMANN’S ELECTROCHEMISTRY. 


Electrochemistry is rapidly coming to occupy 
a place as one of the most important practical 
arts as well as that of a scientific subject of the 
first rank. The possibility of securing cheap 
energy at water power sites has been a con- 
siderable factor in its development, for the energy 
item is the predominating expense in many of the 
processes. On the other hand the electrochemical 
industries have tended to force the development 
of the water powers by affording steady loads 
upon the power stations. Such loads are prof- 
itable, even with low prices for energy, as the 
stations operate continuously at maximum effi- 
ciency. In this connection it is only necessary to 
point to the great electrochemical center at 
Niagara Falls where a new and important in- 
dustry has been created by cheap energy. Alumi- 
num, carborundum, graphite, sodium, chlorine 
and many other substances are produced directly 
or indirectly by the electric current. In the pro- 
duction of pure copper, silver and other metals 
the current also plays an important part. So 
influential has the new industry become that a 
flourishing society is supported. This association, 
known as the American Electrochemical So- 
ciety, with a membership of several hundred, 
recently held its ninth general meeting at Ithaca, 
N. Y¥. There is also a growing periodical and 
permanent literature devoted to electrochemistry, 
which is always a good indication of the real in- 
terest in any subject. 


The latest contribution to the available text 
on electrochemistry is a small book published 
under the modest title, ‘‘Notes on Blectrochemis- 
try.”" In a limited compass is here given an ex- 
cellent general summary of the present state of 
the science of the subject. The book is a prac- 
tical one in the sense that elaborate theories are 
not treated. On the other hand it does not con- 
tain descriptions of the actual apparatus used in 
producing the different chemical substances, but 
merely gives the principles underlying each pro- 
cess. 


The introductory chapters are devoted to a 
brief explanation of electrical properties and the 
elementary laws of electric circuits. A clear 
statement of the facts of electrochemistry is 
given and the subject itself is defined as “a 
study of the mutual relation and transmutation 
of electrical and chemical energy. It deals with 
electrical phenomena which are caused by 
chemical reactions, and chemical changes which 
result from the application of electrical energy.” 
Then follow the main divisions of the work, 
electrolytic dissociation, electro-analysis, and 
electrotechnology. The first of these deals with 
the Ion Theory, which is the working basis of all 
electrochemical work. The second topic covers 
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ition of this theory to chemical 
‘inder the heading ‘‘electrotechnology” 
owns discusses the important practical ap- 
¢ electrochemistry. He classifies these 
men ind indirect action processes and as 
-ranie and electro-organic processes. 
aie esses are simply and briefly described 
and t! ction will prove of great interest to the 
gene! ader. 
” The ks as a whole is one which will repay 
carefu .ding by an engineer or scientific stu- 
gent, 2 | demands only an elementary knowledge 


of ch ostry. For those who desire to go 
. ample bibliography is prefixed to each 


ral A novel feature is a name index by 
means which the work of particular individuals 
may adily found. There are 128 names in 
the lis hich includes practically all well known 
worke: in this field of science and industry. An 
ample subject index is also provided. 


ALEX \NDER’S ELECTRICAL ENGINEERING 


Elementary books on electrical engineering 
‘wo general types; one intended to pre- 


sth the way for advanced study of the subject, 
the other designed to give a general view of the 
field with only enough of detailed explanation 
to render the treatment intelligible. Each class 
of book has its place, the former being of use 
to students who are laying a foundation for 


their technical education, while the latter will 
suit the purposes of practical engineers who wish 
to be familiar with current electrical practice. 
Assuming that its particular field has not al- 
ready been covered and that it is well written 
and accurate, a new book in either class is a 
welcome addition to electrical literature. 

In a 200-page book which would be placed in 
the second class mentioned above, Mr. Alexander 
has given a digest of a course of evening lec- 
tures delivered to classes of young artisans. The 
lectures were evidently intended to give the 
young men a systematic review of the objects 
seen about them in their daily work. The text 
is merely suggestive as, within the limits of a 
small volume, extensive descriptions would be 
out of the question. The text reads like a set of 
lecture notes which are to be elaborated by the 
speaker, hence the style is crude and the sen- 
tences are loose and disconnected. The material, 
however, is good and to electrical workmen who 
have had few opportunities for study it will be 
useful. The range of the treatment includes 
nearly every topic from the elementary theory 
of electric circuits to the generation and dis- 
tribution of electric power. The latter covers 
boiler and engine practice, which can hardly be 
called electrical engineering. On the other hand, 
the telephone is not mentioned in the book, al- 
though the telephone industry is one of the most 
important in the entire field. 

The first third of the volume is occupied with 
the elementary physical laws underlying elec- 
trical practice. The laws are illustrated by 
means of diagrams and with problems involving 
practically no mathematics. Following this 
section are a few chapters devoted to direct and 
alternating current generators and motors and 
to transformers. These chapters are the merest 
outlines of the important subjects named and are 
entirely inadequate, as is also the one treating of 
primary and secondary batteries. Electric light- 
ing is given more attention and the lamps, as 
well as the circuits for conducting the currents, 
are described in some detail. Finally, the power 
station with oil, gas and reciprocating and tur- 
bine steam engines, boilers and auxiliaries, as 
well as hydraulic turbines, are discussed in 11% 
small pages, which statement indicates the ex- 
tent to which condensation has been carried in 
parts of the book. 


HERRICK’S ELECTRIC RAILWAY HAND- 
BOOK. 

Mr. Herrick is a practical electric railway man 
who has devoted a great deal of attention to im- 
Prov iments in the operation of electric railways. 
le has had excellent opportunities for ‘accumulat- 
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and this has been arranged for reference in con- 
venient form. The second edition of this hand- 
book, issued five years after the first, is greatly 
improved in many ways. The troublesome flap 
has been omitted from the cover, and no adver- 
tisements mar the appearance of the book, as 
formerly. The volume is much smaller than the 
pocket-books of Foster and Dawson, but it is 
considerably larger than the first edition and it 
is devoted exclusively to electric railway and 
closely allied topics. The material is logically 
arranged in the following nine sections: General 
tables, testing, track, power station, line, car 
house, repair shop, equipment and operation. 


The general tables include the usual selection, 
such as weights and measures, areas of circles, 
properties of steam and air and the electrical 
and meéchanical properties of materials. The 
tables are followed by an excellent section on 
testing, a subject in which the author is a recog- 
nized authority. The tests described are all prac- 
tical ones and clear working directions are given 
and illustrated by means of diagrams. The scope 
of the section includes all kinds of line, track, car 
and power station tests. 


Track construction is discussed in some detail 
and several sets of specifications are given in full. 
The mechanical and electrical properties of rails 
are tabulated and cross sections of acceptable 
rails are shown, both alone and when forming 
part of the complete track. In connection with 
the rails the important subject of joints is con- 
sidered. Diagrams and tables show the details 
of laying out simple and special curves and other 
special work and the section closes with several 
tables of cost data. 


More than one-fourth of the book is included 
in the section on the power station. A large part 
of this is devoted to buildings, engines, boilers 
and accessories, but in addition numerous dia- 
grams, and tables are given showing the dimen- 
sions of electric generators, the arrangement and 
operation of storage batteries, connection and 
details of switchboards and kindred matters. 
Line- work receives attention in the fifth section, 
and data are given for determining the proper 
sizes of overhead conductors to be employed. 
The author lays special stress on the mechanical 
construction of pole line and overhead work, and 
numerous practical schemes are shown for doing 
cheaply and conveniently the minor parts of 
such construction. The troublesome matter of 
electrolysis is not overlooked, a study of soil re- 
sistance, pressure drop in rails and bonding be- 
ing included. 

The last part of the book, comprising several 
sections, is devoted to rolling stock and its main- 


tenance. Modern car construction, including 
bodies and trucks, is discussed briefly and a num- 
ber of drawings of motors, controllers and detail 
apparatus are given, with dimensions. A very , 
small space is made to suffice for the alternating 
current motor, which is unfortunate, as the sys- 
tems employing this motor may now be con- 


sidered as entirely satisfactory. 

The synopsis given above will serve to indi: 
cate clearly the classes of readers to whom the 
book will be useful. It is well printed and bound 
and is quite compact, considering the amount of 
information contained. A satisfactory index is 
included. 
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Producer-Gas and Gas-Producers. 
Reviewed by Alfred E. Forstall.* 

A TREATISE ON PRODUCER-GAS ane 
DUCERS “ty: 3 Samuel 8. Wyer, M. E., Jun. 

Soc. M. E., Am. Inst. M. B., Author -*Caveck ions 

on preteen” New York and London: The En- 

gineering & Mining Journal. Cloth; 6 x 9% ins.; pp. 

206; 113 figures in the text. 4. 

Although producer-gas has played an import- 
ant part in the iron and steel industry for more 
than thirty years, it is only of recent years that 
attention has been given to it by those concerned 
in other industries. That this attention is rapidly 
becoming more general and more keen is shown 
by the many articles in technical periodicals, 
papers presented to engineering societies and 
books dealing with producer-gas which have ap- 
peared during the last two years. 

The book now reviewed is one of several that 
have been considered in these columns during 
that period. While it covers much of the same 
ground as its predecessors it differs from them in 
devoting more space to principles and less to de- 
scriptions of different makes of producers, a 
method of treatment which is to be commended. 
The first two chapters deal with the physical 
and chemical laws, which it is necessary to know 
before it is possible to have a clear understanding 
of the problems involved in the handling of gas- 
producers and the utilization of the gas pro- 
duced by them. Then comes a consideration of 
thermal and physical calculations, including those 
needed to obtain the calorific value, weight and 
volume of, and heat carried away by, the prod- 
ucts of combustion, and the flame temperature of 
the mixture of gases of which producer-gas con- 
sists. 

The special subject of the book is next taken 
up and carried through the present position of 
producer-gas in the industrial world, the classi- 
fication of gas producers, according to various 
methods based upon distinctive features of their 
operation and design, the theory of the manu- 
facture of producer-gas, including the use of 
steam in its production and the effect of carbon 
dioxide upon it, and the efficiency and’ heat bal- 
ance of, and the requirements to be met by, gas 
producers. There then follows a brief history 
of the development of gas producers and de- 
scriptions of the various forms of pressure and 
suction producers that are in use in America, 
after which by-product gas-producers of the 
Mond type, by-product coke ovens and gas-pro- 
ducers specially designed for the use of wood as 
fuel are described. 

After this descriptive portion the treatment of 
producer-gas for the removal of tar is taken up, 
as are also the various purposes to which this 
gas can be applied, both as a fuel and in the di- 
rect production of power by means of gas en- 
gines, the operation and testing of producers and 
the future possibilities in the way of the replace- 
ment of the present forms of locomotive, marine 
and portable steam boiler and engine equipments 
with producer-gas plants and gas engines. There 
is then given a chapter on carbon monoxide 
poisoning, and the treatment of persons affected 
by it, which is followed by ten pages of reference 
data, including tables giving the weights at va- 
rious temperatures of both dry air and air satu- 
rated with moisture; data as to the loss by radi- 
ation under various conditions and as to the 
discharge of gas through pipes of various sizes 
and various lengths; and also tables of the solu- 
bility of gases in water, the melting points 
of various substances and the variation in the 
specific heat of carbon dioxide with increase in 
temperature. The last chapter gives the bibliog- 
raphy of gas-producers arranged chronologically 
by years from 1841 to 1905 inclusive. 

In the chapter devoted to thermal and physi- 
eal calculations the methods employed are illus- 
trated by exmaples which are worked out. In 
connection with the calculations of flame tem- 
perature and the amount of heat carried away 
by the products of combustion more emphasis 
should be laid upon the increase which takes 
place in the specific heat of gases as the tempera- 
ture increases. The fact that such an increase 


Cc onsulting Engineer. Late Secretary. American Gas 
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takes place is noted in connection with the defini- 
tion of specific heat, and is also shown by the 
table giving the specific heats of carbon dioxide 
at various temperatures, but in using the specific 
heats the values employed are those for ordinary 
temperatures, although the temperatures that are 
being dealt with are much higher than ordinary, 
so that the results obtained by the calculations 
as made are far from being correct. This is a 
very common fault, but in view of the attention 
that has been given to the increase of specific 
heats with temperature is one that should no 
longer be made. 

Another fault noted is in the writing of the 
equations for the reactions occurring during com- 
bustion as if the molecule of oxygen contained 
only one, instead of two, atoms. Unless equa- 
tions are correctly written it is impossible to de- 
rive from them the proportionate volumes in 
which different gases combine with each other. 
For instance, the equation for the combustion of 
marsh gas is given as CHs + 40 = 2H:0 + COsz. 
This means that four volumes of oxygen are re- 
quired to consume one volume of marsh gas, and 
does not agree with the statement made later in 
Table No. 3 that two volumes of oxygen are re- 
quired to burn one volume of marsh gas, while 
if the equation had been written correctly, CH« + 
202 = 2H:O + COs, the equation and the statement 
in the table would have agreed. 

The descriptive portion of the book is fully 
illustrated and enables a very good idea to be 
obtained of the different forms of gas-producers 
described and of the different appliances used 
for removing from the gas the dust and tar 
which it contains when it leaves the producer. 

In connection with the subject of tar removal, 
the author is rather too optimistic in regard to 
the possibility of entirely preventing the forma- 
tion of tar by so designing the producer as to 
cause the gases distilled from the fuel in the 
early stages of the operation to pass through a 
greater or less depth of incandescent fuel, and 
too pessimistic as to the possibilities of com- 
pletely removing the tar from the gas after it 
leaves the producers. It is very difficult to en- 
tirely decompose tar by passing the gas contain- 
ing it through incandescent fuel, while the ex- 
perience of illuminating gas manufacturers shows 
that it is neither difficult nor expensive to en- 
tirely free gas from tar, and it would be safer 
to provide for its removal instead of trusting to 
its destruction in the generator. 

In spite of the faults noted, this book will be 
found valuable by the constantly increasing num- 
ber of persons with only a slight knowledge of 
physics, chemistry and the metallurgy of fuels 
who wish to take up the study of producer-gas, 
since it treats the subject in such a way as to 
supply to a great extent the knowledge of funda- 
mental principles which is absolutely necessary 
before one can solve the problems involved in the 
manufacture and use of this gas. 


a 


The Steam Engine Indicator. 
Reviewed by Lionel S. Marks.* 


THE INDICATOR HANDBOOK.—A Practical Manual for 
Engineers. By Charles N. Pickworth, Whitworth 
Scholar, Editor of ‘The Mechanical World,’’ Author 
of “‘The Indicator Diagram: Its Analysis and Calcu- 
lation,’’ “‘The Slide Rule,’’ “Logarithms for Begin- 
ners,”’ etc. Third Edition. In two parts. Man- 
chester and London, Eng.: Emmott & Co., Ltd. 
New York: D. Van Nostrand Co. Cloth; 4% x 7% 
ins. 3s., net, per volume; American price, $1.50 per 
volume. 

Part I. The Indicator: Its Construction and Applica- 
tion. Pp. 130; 81 figures in the text. 

Part II. The Indicator Diagram: Its Analysis and 
Calculation. Pp. 132; 148 figures in the text. 


The literature devoted to the steam engine in- 
dicator has grown largely in volume in recent 
years but has shown very little tendency to 
thoroughness of treatment or to originality of 
point of view. The instruction books issued by 
some of the makers of indicators are as complete 
in their general treatment of the subject (though, 
naturally, they are devoted to indicators of one 
make only) as the majority of the books pub- 
lished for sale and within their scope are entirely 
satisfactory. The two attractive little volumes 
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by Pick) orth are to be welcomed because they : 
attemp: » go further than most of the books, JUST PUBLISHED 

ere is an attempt to analyze and dis- : 
of te 8vo, Cloth, 303 Pages, 42 Tables and 87 Illustrations. Price, $2.50 net. 
mentor d because the author has made him- 
self ac nted with the results of experimental be 
invest yn of the indicator and has endeavored a e r O eni ng an rea ment 
to pro! hereby. 

Part | deals with the indicator, its attachment CONDENSING PLANT FEED PUMPS AND HEATERS FOR STEAM 
and t! ducing gears. Part II. is devoted to USERS AND MANUFACTURERS 
the in tor diagram. The descriptive part of 
ie 0 is fairly complete so far as the more By WILLIAM H. BOOTH 
promi types of indicator are concerned, but Member of the American Society of Civil Engineers; Author of “ Liquid Fuel 
one ms the flat-spring Batchelder indicator 
and t! ‘tary Wayne indicator. The omission 

f the .yne indicator (which, however, is in- 
referred to in one or two places) is ; C ONTE NTS 
surpri in view of the fact that it is the in- INTRODUCTORY. WATER. THE SALTS CONTAINED IN 


strum: selected for their investigations by the 
Gas E»cine Research Committee of the Insti- 


tution -f Mechanical Engineers, who state that 
“in careful hands it is apparently the most ac- 
curate indicator at the present time.” While this 
instrument is omitted, a paragraph is devoted 
to so useless and unreliable an instrument as 


Ripper's Mean-pressure Indicator. 
It is the chapters devoted to the errors of the 


indicator and to the indicator reducing gear that 
justify the existence of this book; all the other 
matters dealt with are equally well treated in 


easily accessible books in the English language. 
The errors of the indicator discussed include those 
due to piston friction, to imperfection and in- 
correct rating of springs, to imperfect pencil 
motion, to pencil friction, to inertia of the mov- 
ing parts, to drum troubles and to springing of 
the instrument. The statement that the error 
in new springs by the best makers may amount to 
as much as 3% surely strains the definition of 
best makers. The inertia effect is described in 
a general way and the actual equivalent mass 
of the moving parts is given for one make of 
indicator for a definite spring; it would have 
added to the value of this part of the book had 
the author determined the equivalent mass for 
each of the half dozen instruments that he dis- 
cusses in most detail. In the discussion of 
pencil friction it is stated that the effect of such 
friction is, among other things, to cause the 
steam line to be drawn above and the back pres- 
sure (i. e. exhaust) line below their true po- 
sitions thus increasing the area of the diagram. 
The reverse surely is the case; the effect of fric- 
tion will be to decrease the area so far as it is 
affected by the steam and the exhaust but to in- 
crease it so far as it is affected by the expansion 
and compression. 

The most interesting part of the book is in 
chapters six and seven of the first volume, which 
deal with indicator reducing gears and their 
errors. An unusually large number of gears is 
described and their errors are either shown 
graphically or are stated verbally. The method 
adopted for showing graphically the errors of the 
reducing motion is to place side by side two 
scales, one, of equal parts, showing the piston 
travel, and the other showing the corresponding 
drum movement. If the total movements of both 
piston and drum are represented by the same total 
lengths all the subdivisions will come opposite 
one another, if the reducing motion is correct. 
Unfortunately, the author has chosen total 
lengths which are slightly different in most of 
the gears analyzed so that the results of his 
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work are by no means as clear as they might be. 
Attention is particularly to be drawn to a simple 
pendulum motion in which a pin at the free 
end of the pendulum slides in a slot attached to 
the crosshead exactly at right angles to the cene 
ter line of the engine, while the motion of the 
indicator is taken from another pin. This very 
simple, easily constructed gear gives practically 
perfect motion to the indicator; it is almost un- 
known in this country. Another interesting re- 
sult in the same chapter is the considerable error 
of the very common reducing motion consisting 
of a pendulum whose free end is driven by a link 
from the crosshead while the indicator cord is at- 
tached to a brumbo pulley; the results are much 
better when a pin is substituted for the brumbo 
pulley. 

Part II. deals in a very detailed way with the 
varieties of form of the so-called lines (admission, 
steam, expansion, exhaust and compression) of 
which the indicator card is made up and 
with the causes of departure from the normal 
forms. The diagmaam as a whole is next con- 
sidered and the effects on it of type of valve gear, 
imperfect valve setting, leakage, faulty engine 
design, load and other factors are discussed. 
Then follow chapters on diagrams from com- 
pound engines (including combining diagrams), 
diagrams from gas and oil engines, from air com- 
pressors, pumps and other appliances. A final 
chapter is devoted to diagram calculations. 

The second part is painstaking and accurate 
but does not add to the good impression which 
remains after reading the first part. On the 
whole, the reviewer knows no better book on 
the indicator. It is to be hoped that the two 
parts will be combined in a single volume in 
future editions. 


THE BATTLES OF LABOR.—Being the William Levi 
Bull Lectures for the Year 1906. By Carroll D. 
Wright, Ph. D., LL. D., President of Clark College, 
Author of ‘“‘Industrial Evolution of the United States,’’ 
Outline of Practical Sociology,’’ etc. Philadelphia, 
Pa.: George W. Jacobs & Co, Cloth; 4% x 7% ins.; 
pp. 220. $1, net. 

All four of the lectures making up this little 
volume are interesting and well worth reading, 
but the last is of the greatest value, since in it 
the author gives more expressions of personal 
opinion based on his long and intimate acquain- 
tance with labor problems than are to be found 
in the other three addresses. The volume opens 
with “The Background,” in which the reader is 
shown some of the earliest struggles of labor of 
which we have record. The first “great battle 
which labor fought,” the author says, “was the 
strike of Moses and the Jews, known in sacred 


history as the Exodus.” Many other interesting 
events recorded in ancient history are cited as 
incidents in the struggles of labor for advance- 
ment. The second lecture deals with medieval 
and modern industry. The third reviews “Great 
Modern Battles,” beginning with the Baltimore 
& Ohio and the Pennsylvania strikes of 1877 and 
continuing on to the anthracite strikes ef 1900 
and 1902. The closing lecture is entitled, “How 
Modern Battles of Labor Are Treated,” and con- 
tains many sensible and judicial remarks on the 
modern labor problem. 


> 


ILLINOIS SOCIETY OF ENGINEERS AND SURVEY- 
ORS.—Proceedings for 1906. Chicago: E. E. R. Trat- 
man, Secretary, 1636 Monadnock Block. Paper; 6 x 9 
ins.; pp. 200; illustrated. 50 cts. 

The subject-matter relates largely to municipal 
engineering (streets, sewerage and water supply). 
A review of the development of the septic tank 
is contributed by Mr. J. W. Alvord. There are 
also papers on land drainage and irrigation, 
mining engineering, concrete work and survey- 
ing; among the last are notable papers on a gov- 
ernment triangulation survey in Montana and the 
government surveys of the Des Plaines and Illinois 
rivers with regard to the proposed waterway con- 
necting Lake Michigan with the Mississippi River. 


KIRCHOFFER'S DIAGRAM FOR ESTIMATES OF PIPE 
SEWERS.—W. G. Kirchoffer. Baraboo, Wis.: The 
Author. Single sheet; 6 x 9 ins. 25 cts. 

This unique diagram is based on the average 
of three hundred bids for excavation, furnishing 
and laying pipe and backfilling. The sizes in- 
cluded are from 6 to 20 ins. The diagram shows 
the bidding prices in cents per lineal foot of pipe 
of the sizes named for trenches from 2 to 20 ft. 
in depth. The diagram is 5 x 3% ina., and was 
copyrighted in 1899. 
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An English Treatise on Tunnel Shields. 


TUNNEL SHIELDS AND THE USE OF COMPRESSED 
AIR IN SUBAQUEOUS WORKS.—By William Charles 
Copperthwalite, M. Inst. C. E., Bridge Engineer of the 
London County Council. New York: D. Van Nos- 
trand Co. Cloth; 7% x 11 ins.; pp. 389; 258 illustra- 
tions, mostly in the text. $9 net. 


In extent and cost, the subaqueous tunneling 
work now in progress in this country probably 
exceeds all other tunneling work combined. In 
venturing this statement exclusion is, of course, 
made of the open-cut underground railway tun- 
nels or subways under city streets that are now 
being built in several of our large cities, notably 
' New York, Boston, Philadelphia and Chicago. 
In Europe the numerous great Alpine tunnels 
under way probably throw the balance to the 
other side, but the aggregate of subaqueous work 
is very large. Practically all of this tunneling 
through water-bearing strata is being done with 
shields. As an instance there are now in prog- 
ress a round dozen of shield driven tunnels under 
the waters of the Hudson and East Rivers at 
New York City. It is plain, therefore, how a 
book on tunnel shields, even when of the volume 
and cost of the one before us, should have come 
to be written, and it is likewise plain, when we 
recall the almost equally great works of shield 
tunneling in the past, how the material could 
have been obtained for such a monumental 
volume. 

The literature in English on shield tunneling 
is voluminous. American and British engineer- 
ing journals and the papers read before the vari- 
ous engineering societies in both countries have, 
first and last, described nearly every British or 
American built shield tunnel, and for conti- 
nental practice the German and French periodical 
press, and particularly Mr. Legouez’s excellent 
work on “L’Emploi du Bouclier dans la Construc- 
tion des Souterrains” give all essential informa- 
tion. Mr. Copperthwaite’s task has been to com- 
pile and condense this scattered information into 
one place. He has done his work excellently in 
most particulars; to our recollection few, if any, 
important features of shield tunnel work have 
been omitted from mention except the very re- 
cent developments in America and in France. 
Compared with Mr. Legouez’s treatise the book 
before us is quite as complete in its descriptions 
of tunnel works, but in the analysis of shield 
construction, in the comparison of advantages 
and disadvantages of shield work, and in critical 
discussion generally, the French treatise seems to 
us to stand superior. Of English books on tun- 
neling, only Prelini’s “Tunneling’’ and Stauffer’s 
“Modern Tunnel Practice,” aside from the book 
before us, give any adequate information on the 
shield method, and these being general treatises 
on tunneling devote of necessity much less space 
to shields than the more recent special work. 

Mr. Copperthwaite divides his book into eleven 
chapters. Of these the last chapter, on “Cost of 
the Shield,” and the first three chapters on 
“Early History, 1818-1880,” “Use of Compressed 
Air in Engineering Works” and “Cast-Iron Lining 
for Tunnels,” respectively, are general in charac- 
ter; the remaining seven chapters are collections 
of descriptions of specific shield tunnel works 
classified under three heads: Shields in London 
Clay, Shields in Water Bearing Strata and Shields 
in Masonry Tunnels. 

Historically considered, the author finds the 
first mention of a shield for tunnels under water 
in the English patent No. 4,204, issued to Marc 
Isambard Brunel in 1818.- This patent describes 
“a casing or cell to be forced forward before the 
timbering generally employed to secure the 
work.” Brunel tested his shield in the Thames 
tunnel of 1825-28; but as he had supposed that 
the soil was clay and practically impervious to 
water, the presence of loose and water-bearing 
material caused failure. His original patent pro- 
posed the pushing forward of separate cells by 
means of hydraulic jacks, the iace of the excava- 
tion being protected by ordinary poling boards. 
These cells combined occupied the circular area 
of the tunnel proper, the cells moving on each 
other on rollers. Brunel improved upon his de- 
sign, and with the new shield the Thames tunnel 
was completed in 1843. The new shield con- 
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sisted generally of'a broad diaphragm which was 
pushed forward by hydraulic jacks abutting 
against the finished masonry; and the diaphragm 
itself formed a point of support for a multitude 
of small screw-jacks supporting poling boards 
and holding these in place as the face excavation 
advanced. 

But the shield alone would have been of com- 
paratively little use had it not been for Sir 
Thomas Cochrane, who in 1830 described the ap- 
plication of compressed air to shaft-sinking and 
tunneling in water-bearing materials. It 1s to 
the combination of these two devices, the shield 
and the use of compressed air, that the great 
subaqueous tunnels of the last twenty years have 
been made possible. 

Succeeding Brunel various patents have been 
taken out for shields. The author describes P. W. 
Barlow’s shield of 1864 and 1868; the shield of 
R. Morton, of Stockton-on-Tees, of 1866; and the 
Beach shield of 1864. Barlow himself never put 
his ideas into practice; but Mr. James Henry 
Greathead designed a shield for the Tower Sub- 
way, under the Thames, of similar character to 
the Barlow shield of 1868. The main features of 
the Barlow patents were: The cast-iron lining 
to the tunnnel; the grouting outside the shell; 
the cylindrical overlapping of the shield; the use 
of screws or hydraulic presses, and a transverse 
diaphragm or open frame. The Tower Subway, 
of 1869, says the author, was the first tunnel 
built of cast-iron with grout filling; and the 
first tunnel of any kind built with a shield mov- 
able in one piece. But at the same time that the 
Tower Subway was projected by Barlow in Eng- 
land and carried out by Greathead, Beach, in 
the United States, actually drove an 8-ft. subway 
through loose, sandy soil under Broadway, in 
New York City. The shield devised by Beach 
was formed of a heavy timber ring with a cast- 
iron cutting-edge, and was provided in the rear 
with a wrought-iron forged ring which distributed 
the thrust of the hydraulic rams reaching against 
the finished masonry. To the rear end of the 
timber ring was attached a flexible overlapping 
shell of steel protecting the opening made at each 
advance of the shield. The hydraulic rams here 
employed were the first used anywhere in a 
shield. The face of the excavation was supported 
by a series of horizontal iron shelves. Mr. Great- 
head is credited with designing and constructing, 
in 1874, the first shield built with a water-seal, 
and the first designed to work by compressed air. 
This shield was designed for a proposed tunnel 


under the Thames at Woolwich, but w. 
used as the tunnel was not built. Mr. Greatheag 
also designed mechanical plate-erectors for this 
tunnel, the first on record. 

In closing his introductory chapter the author 
states that three men—Barlow and Greathead. ;; 
England, and Beach, in the United States—were 
undoubtedly working independently on the shield 
problem in the late sixties, and very likely at an 
earlier date. He credits Barlow with being the 
first to patent, in 1864, a shield capable of mo- 
tion in one piece and surrounded by a shell of 
thin iron within which were built the successive 
rings of a cast-iron tunnel. But Greathead and 
Beach, in 1869, were the first to actually con- 
struct and use such shields. 

‘In the second chapter the author takes up the 
subject of compressed air as used in engineering 
work and describes and illustrates the typical 
tunnel air-lock; he follows this with detailed de- 
scriptions of some of the earlier bridge founda- 
tions built by the aid of compressed air. This 
chapter also contains a very full discussion of the 
effects of compressed air on the health of com- 
pressed air workers and the precautions neces- 
sary to avoid, and the remedies for, caisson 
disease. 

The chapter on cast-iron lining for tunnels 
opens with a general discussion of the develop- 
ment of cast-iron lining and of its advantages 
and general design. This general matter is fol- 
lowed by specific descriptions of the linings 


S never 


actually used in nine subaqueous tunnels. There 
is also a brief and interesting description of the 
casting of tunnel lining segments, in which is 
described the molding machine for tunnel seg- 


ments of the British Hydraulic Co. We may 
mention here also the final chapter on costs. The 
author gives first the costs of several representa- 
tive shields and states that including «all the 
mechanism of the shield proper a modern tunnel 
shield will range in cost from £25 to £50, or 4p- 
proximately $125 to $275, per ton. Following 
these figures are tabular statements of the costs 
of some typical shield tunnels. 

The seven chapters given up to descriptions of 
individual tunnels built by the shield method 
must be passed over with a few general remarks 
Hardly a European or American tunnel of 
nitude is unmentioned, and of most of them the 
description is full and detailed. The author, 
however, haw not been particularly cons: \entious 
in following up the most recent work in Amer 
tca. His description of the Hudson River tunnel 
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ple, stops with the suspension of work 
the work of the last three years, by 
original project has been carried to 
vn, is not described. No mention ts made 
ist River tunnel of the Rapid Transit 
or of the Pennsylvania Railroad tunnels 
¢ built under the North and East Rivers. 
excuse for this omission, of course, in the 
ted condition of these works, but their 
and difficulties will demand a place for 
a new edition. 
iblisher’s work on the book is good, and 
an adequate index. The volume is in 
all respects worthy of prominent position in the 
tunnel engineer’s library. 


Metallurgical Calculations. 
reviewed by Bradley Stoughton.* 


METALLURGICAL CALCULATIONS.—By Joseph W. 
Richards, A. C., Ph. D., Professor of Metallurgy in 


Leh eh University, Author of ‘“‘Aluminum, Its Metal- 
lurey, ete.” Part I. Introduction, Chemical and 
Thermal Principles, Problems in Combustion. New 
York: MeGraw Publishing Co. Cloth; 6 x 9% ins.; 


pp. 208. $2, net. 

The larger part of Prof. Richards’ book is a 
reprint of a serial running in “Electrochemical 
and Metallurgical Industry” from March, 1905, 
to March, 1906. To this has been added in an 
appendix the statement of a number of problems 
for practice, which it is hoped will still further 
increase the usefulness of the work. It is in- 
tended that the serial which is now appearing 
during 1906 shall appear as Part II., and that 
which shall appear during 1907 as Part III., com- 
pleting the work. 

The value of this book will be recognized at 
once by all metallurgists and chemists engaged 
in metallurgical work. It forms another and a 
very important step in the application of science 
to metallurgy. It will also be of the greatest 
advantage to students, serving to rivet their at- 
tention on the details of the various metallur- 
gical processes, to stimulate thought and to 
assist their comprehension of many of the under- 
lying principles. The treatment of the subject 
is logical and clear, with the exception only of 
the disadvantages mentioned in the last para- 
graph of this review. The examples chosen for 
illustration are representative and capable of 
being extended by any intelligent engineer to 
cover a wide variety of calculations. 

The book starts with a discussion of the chemi- 
cal equation, illustrated by calculations of the 
volume of air, necessary to burn certain fuels, 
and the volume and composition of the products 
of combustion under different conditions. Chap- 
ter II. deals with the applications of thermo- 
chemistry. This is continued in Chapter IIL. 
“On the Use of Thermochemical Data,’’ which is 
illustrated by calculations of calorific power, 
calorific intensity, relative efficiency and cost of 
various fuels under different conditions. The 
text then passes naturally to Chapter IV., “On 
the Thermochemistry and Thermophysics of High 
Temperatures,” illustrated by calculations of the 
efficiency of different furnaces. The thermo- 
physics of alloys, which is almost virgin ground, 
is included in this chapter. Chapter V. then 
takes up the thermophysics of chemical com- 
pounds, which is illustrated by examples in cal- 
culation and includes the subject of the decom- 
position of ores by chemical reagents and by 
electricity, and explains the relation, both com- 
mercially and otherwise, between the two meth- 
ods. The subject now changes and Chapter VI. 
discusses artificial furnace gases. The problems 
serve as a review for some of the previous cal- 
culations, and as a study of the comparison of 
the different types of producers, etc. Chapter 
VII. also serves partly as a review and includes 
the subject of chimney draft and forced draft. 
Chapter VIII. is a short statement of the prin- 
Ciples of the conduction and radiation of heat. 

The two greatest defects in the book are: (1) 


In working out the solutions of the problems 
cited, space has been economized as much as 
Pos-\ble; consequently there is very little ex- 


p tion given with the figures and one has 
sor ‘imes to search a long time to understand 
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just what they represent. While this is undoubt- 
edly good practice, it is very discouraging to 
students, or to a very busy man. (2) The book 
is lacking in references to other literature of the 
subject. If some references were given where 
further data (for example, thermochemical and 
thermophysical constants, such as heats of com- 
bination, specific heats, etc.) could be found, it 
would be of great assistance, because a book of 
this size cannot include all of these, though the 
ones necessary for the calculations included, and 
for many others like them, are, of course, given. 


ILLUSTRATED TECHNICAL DICTIONARY.—In Six 
Languages: English, German, French, Russian, 
Italian, Spanish. Compiled after a novel method, by 
K. Deinhardt and A. Schlomann, Engineers. Vol. I. 
Dipl. eng. P. Stiilpnagel. The Elements of Ma- 
chinery, and the Tools Most Frequently Used in 
Metal and Wood Working. New York: McGraw 
Publishing Co. Munich-Berlin: R. Oldenbourg. 
Cloth; 4 x 7% ins.; pp. 403; 823 illustrations in the 
text and numerous formulas. $2, net. 


This is by far the best technical dictionary, for 
finding the equivalents of words in one language 
and those of a number of others, that we remem- 
ber having seen. The equivalents in the six lan- 
guages are placed in two columns on each page, 
with illustrations where possible of the apparatus 
or devices listed. The drawings, though small, 
are very satisfactory for their purpose. Where 
occasion demands, formulas are given in place of 
diagrams. The subjects covered are divided 
broadly into machine elements and tools, en- 
gineering drawings, and miscellaneous or general. 
Screws and bolts are first taken up, and then are 
followed by keys, rivets, axles, etc. It will be 
seen that the arrangement is not alphabetical. 
and it is obvious that such an arrangement 
would be well-nigh impossible and, in any event, 
would be confined to one language. A very full 
index (about 150 pages) will enable any one to 
refer quickly to any word which he wishes to find. 
The typography and paper are very satisfactory, 
the book opens well, as such*a volume should, 
and altogether the publishers, both foreign and 
American, are to be congratulated upon their 
production. It may be added that the book is 
originally published in Germany. 


ENGINEERING TABLES AND DATA.—For the Use of 
Students in Laboratories; also for Class and Home 
Work Exercises. By W. W. F. Pullen, M. I. Mech. 
E., Assoc. M. Inst. C. E., Professor of Mechanical 
Engineering, South Western Polytechnic, London. 
Second Edition. Manchester, Eng.: The Scientific 
Publishing Co. Cloth; 5% x 8% ins.; pp. 87; 21 fig- 
ures in the text. 2s. 6d., net; American price, $1. 
This collection of tables and data, while not 

intended to displace the engineers pocketbook, 
should be found very convenient by the student 
in the mechanical laboratory and others for the 
solution of problems, as there are combined in this 
one volume tables of the natural functions of 
angles and logarithms, steam, entropy, water 
density, and conversion tables together with all 
the commonly used mensuration formulae, analyt- 
ical equations, algebraical and trigonometrical 
series, standard integrals, differential coefficients 
and equations, hyperbolic functions and trig- 
onometrical relations. 


THE SEVEN FOLLIES OF SCIENCE.—A Popular Ac- 
count of the Most Famous Scientific Impossibilities 
and the Attempts Which Have Been Made to Solve 
Them. To Which Is Added a Small Budget of Intet- 
esting Paradoxes, Illusions and Marvels. By John 
Phin, Author of ‘“‘How to Use the Microscope,”’ ‘ The 
Workshop Companion,”’ ‘‘Century of Inventions,”’ etc. 
New York: D. Van Nostrand Co. Cloth; 5% x ™ 
ins.; pp. 178; 34 figures in the text. $1.25, net. 


The author takes for his seven follies of science, 
the squaring of the circle, the trisection of an 
angle, the duplication of the cube, perpetual mo- 
tion, the transmutation of metals, the fixation of 
mercury and the elixir of life. In a chapter de- 


voted to each of these subjects he explains the * 


origin of the problem, outlines historically the 
attempts that have been made to solve it, and 
finally explains why its solution is impossible. 
Following these main chapters are two others pre- 
senting and explaining certain paradoxes, illu- 
sions and marvels, and some curious arithmetical 
problems. The book makes interesting reading 
for an idle hour, and one could wish that it might 
be read with conviction by those who waste time 
on the follies of which it speaks. Unfortunately, 
however, the class of mind that occupies itsedf 
with perpetual motion or the quadrature of the 
circle is not the class of mind to which the rea- 
soning of the author will appeal, and we may ex- 
pect in the future as in the past to hear at fre- 
quent intervals of some one’s “solution” of one 
or another of the seven follies of science. 


+ 
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TELEPHONES AND TELEGRAPHS, 1902.—Special Re- 
ports, Bureau of the Census. S. N. D. North, Di- 
rector. Washington, D. C.: Pub. Doc. Paper; 9x 11% 
a pp. 172; 37 plates, five diagrains and numerous 
tables. 


The statistics of this report cover the calendar 
year ending December 31, 1902, and concerns the 
physical equipment service and financial opera- 
tions of the commercial and mutual telephone and 
telegraph systems of the country, and the physical 
equipment of independent rural telephone lines. 
Data is also given relative to the systems con- 
trolled in whole or in part by the railway com- 
panies, and the ocean cable systems that were 
in operation all or part of the year. This is the 
last of a series of reports on the generation and 
utilization of electric current, and closes the first 
complete census of the generation and utilization 
of electric current for the transmission of power, 
messages and conversation. 


TABLES OF FIVE PLACE SQUARES AND LOGAR- 
ITHMS.—Of Feet, Inches and 32ds of Inches, from 
Zero to 100 Feet. Logarithmic Secants for Hip, Valley 
and Rafter, from Zero to 18-Inch Rise to 1-Foot Base, 
Advancing by 32ds. Logarithmic Functions, Natural 
Sines and Co-sines for Every Minute of the Quadrant. 
By G. D. Inskip. New York: The Myron C. Clark 
Publishing Co. Flexible leather; 5% x 7% ins.; pp. 
277; diagrams. $3, net. 

The contents of this handy volume are well in- 
dicated by the title page, as given above. Earlier 
tables by the same author, covering much less 
ground, and superseded by this one, were noticed 
in this supplement for June 16, 1904, and April 
13, 1905. The flexible leather binding is the most 
satisfactory that we remember having seen on a 
pocket book. 
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A French Treatise on Water Supply. 


Reviewed by George C. Whipple,* Assoc. M. Am. 
Soc. C. E. 


DISTRIBUTIONS 4’EAU.—Assainissement des Villes. By 
A. Debauve, General Inspector and Professor, 1|’Eco- 
ledes Ponts et Chaussées, and Ed. Imbeaux, Director 
of Municipal Works, Nancy. Third edition, revised 
and greatly enlarged. In three volumes. Paris, 
France: H. Dunod & E. Pinat. Paper; 6% x 9% 
ins.; pp. 732 + 579 + 608; many text figures and 
tables; 72 plates in separate volume, 9% x 12% ins. 
75 francs; American price, $22.50. 


It is interesting to observe how enthusiasm in 
scientific research along any particular line shifts 


‘from one country to another. Just as there have 


been schools of art—the Italian school, the 
Flemish school, the French school—so there have 
been schools of science, stimulated generally by 
the work of one man or of a group of men. Bac- 
teriology originated in France with the illustrious 
Pasteur, then the interest shifted to Germany 
on account of the brilliant researches of Koch; 
while England, America and other countries have 
from time to time become prominent. So also 
in water purification. England took the lead, Ger- 
many followed, while America in recent years has 
surpassed them both by her profound studies into 
the science of filtration and by her practical ap- 
plication of the principles involved to waters of 
varied character. France, meanwhile, in spite of 
the fame of her engineers, has been lying dor- 
mant. There are signs of an awakening, how- 
ever, and it is not at all unlikely that in the near 
future we may have to go to France to study the 
latest developments in water-works engineering, 
just as to-day we go to England to study sewage 
disposal. It is perhaps not too much to say that 
the publication of the new and magnificent work 
on water supply by Debauve and Imbeaux marks 
the beginning of a French renaissance. 

The book is a comprehensive one, covering all 
phases of water-works construction and operation. 
It is really the third edition of the work, but so 
much new material has been added that it is 
practically a new treatise. The plates add ma- 
terially to the value of the work, but in studying 
them one cannot help wishing that they had been 
reduced somewhat in size where necessary and 
scattered through the three volumes of text for 
more convenient use. The absence of an index 
is most conspicuous, and most unfortunate in a 
book of this size, although the well-arranged 
table of contents and the bold head-lines of the 
text partially supply the omission. 


The three volumes relate to different divisions 
of the subject: the first to theoretical hydraulics, 
the quality of water and methods of purification; 
the second, to sources of water and methods of 
development; the third, to storage and distribu- 
tion. Each volume is divided into several parts. 
Part one, of the first volume, treats of theoretical 
hydraulics, methods of measuring flow by weirs, 
orifices, etc., and the flow of water in pipes, con- 
duits and channels. There is a chapter on water 
meters, but this subject is treated somewhat 
superficially, and has not received the attention 
which it demands. Comparatively little is said 
about water waste. Clearly the French are be- 
hind the English in the restriction of the use of 
water. As filtration plants multiply in France 
this matter will be doubtless forced upon their at- 
tentién, as it has been elsewhere. The accom- 
panying figures, compiled from tables given in 
the second volume, illustrate the relatively lavish 
use of water in France as compared with Eng- 
land and Germany, but its economical use as 
compared with America: 


*Consulting Engineer, 220 Broadway, New York City. 


Part two of the first volume treats of the qual- 
ity of water. This is taken up in a broader and 
more practical manner than in most foreign 
books on the subject. The numerous quotations 
from American writings are conspicuous; in fact 
so far as the physical properties of water are 
concerned very little is quoted from other sources. 
The absorption of light by water, which has an 
important bearing on certain problems involved 
in water storage, is beautifully illustrated by the 
experiments made by Regnard at Monaco in 1890. 
The results were obtained by taking advantage 


of the principle that the electrical resistance of | 


selenium varies according to its illumination. 
The methods of chemical and bacteriological an- 
alyses of water represent French practice, and 
have but little interest for American readers. 
The microscopic organisms in water are dis- 
cussed at some length and quite fully illustrated. 
Here also recognition is given .to American 
studies, but the greater part of the chapter re- 
flects the work of the “Plankton” investigators on 
the continent, though much of the German work 
is omitted. In this connection it might be 
stated that there is a very general omission of 


references throughout the book. Quotations are. 


properly acknowledged, but the reader is not 
always informed where he may find the original 
articles. The chapter on the effect of drink- 
ing water on the public health contains de- 
scriptions of certain epidemics of typhoid fever 
and cholera which have occurred in France and 
elsewhere. A table is given which illustrates a 
fact that is more and more attracting the at- 
tention of sanitarians, namely, that when a city 
changes its water supply from a source which is 
contaminated to one which is not there is a 
lowering of the general death rate by an amount 
very much greater than can be accounted for 
by the decrease in typhoid fever. Twelve cities 
are given to illustrate this for periods of five 
years before and after the change in water sup- 
ply. They show that whereas the average death- 
rate from typhoid fever decreased 69 per 100,000 
after the introduction of pure water, the general 
death-rate decreased 410 per 100,000, or about six 
times as much. Typhoid fever statistics are 
given for many French cities and it is shown 
how during the last 17 years the average typhoid 
death-rate has fallen from 52 to 21 per 100,000. 
The average typhoid death-rate for Paris is about 
the same as for New York, namely a little less 
than 20 per 100,000. 


The third part of the first volume relates to 
filtration and sterilization of water. This subject 
is taken up systematically and, on the whole, 
satisfactorily. Some novel methods of treatment 
are suggested. For instance, a method of cooling 
water by allowing a part of it to evaporate 
through porous pipes is suggested, and the re- 
viewer recently saw the device being installed at 
St. Maur, near Paris, for accomplishing this ob- 
ject. Methods of removing the turbidity of water 
and of softening it for industrial uses are de- 
scribed, but few new ideas are presented. Sand 
filtration is, of course, discussed at length and 
differences between English, German and Ameri- 
can methods are set forth. There is also a fairly 
complete résumé of mechanical filtration, based 
on American practice, but supplemented by de- 
scriptions of certain English and French pro- 
prietary devices. The subject of sterilizing water 
by heat and by the use of chemicals is described 
at greater length than in most water-works 
treatises. The use of ozone for water purification 
at various places in Europe is described. The 
advantages of its use are set forth, as well as 


TABLE SHOWING THE AVERAGE PER CAPITA WATER CONSUMPTION IN GALLONS PER DAY FOR CITIES OF DIF- 
FERENT POPULATIONS IN FRANCE, GERMANY, ENGLAND AND AMERICA, 1902. 


—Populations between 50,000— - Populations between 25,000— 
and 1 


~—Populations above 100,000— 00,000. and 50,000. 
; Per Capita Per Capita Per Capita 
Number of Consumption. Number of consumption. Nember of consumption. 
Cities Cities Cities Gal 
Av ad Gallons Averaged Gallons Averaged. lons 
veraged. per day . per day. per day. 
16 52 12 73* 12 58 
41 31 
10 80 5 18 


28 80 


*This high figure is due in part to the use of water for irrigation. 


some limitations to its application. 
portant matter of cost, however, is pas 
too lightly. 

The second volume, which relates to 
of developing ground and surface waters. 
largely descriptive. It should be espe: 
teresting to American engineers, as ma: 
illustrations are of foreign works too litt 
in this country. The volume opens by 
to the quantity of water necessary to 
vided for municipal purposes, and to ra 
the ultimate source of supply. A few net 
statistics of rainfall are given. Methods 
water from lakes and of storing water 
voirs are discussed at length, but the 
portion of the volume is devoted to und. 
water supplies. This is perhaps natu: 
French book, as ground water is so co n 
source of supply in France. On the wh this 
section relating to ground water is per! th 
most valuable part of the work to Ame; en 
gineers. French interest in the subject al 
shown. by the numerous quotations f; t 
theoretical studies on the lateral flow of \ er j 
the soil, percolation, etc., made by = ‘iter, 
Hazen, King, Whipple and other Ameri 

In the third volume there are chap +s on 
gravity supplies, pumping machinery, mo: and 
windmills, the latter subject being one idom 
considered in American water-works tr. ‘tises. 
There is a chapter on pipes and conduits, \ herein 
is described the methods of manufacture ©» 4 the 
use of cast iron pipes, as well as steel pi; s and 
pipes of concrete-steel. Electrolysis is dis: ussed 
briefly. Distribution reservoirs and sta: 
are treated theoretically and numerous d¢scrip- 
tions of French work are given. The care of dis- 
tribution systems, prevention and removal! of in- 
crustations, prevention of freezing, etc., are also 
taken up. The last chapter in the book r:lates 
to French legislation on water supply matters. 

The work is a valuable one for the American 
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engi as a book of on 
scriptions of foreign water-works plants, 
08 t pan help having an important in- JUST PUBLISHED | 
fuer on French practice on account of the a ~ 
nount of American, English and German 
es ich is included, and much of which is THE MANUFACTURE OF 
her o> the first time translated into French. 
The thors deserve great praise for the pains- ON R B O § S 
tak manner in which they have collected, di- i ( | | K 
ges and arranged this enormous amount of 
inf: ition on water supply subjects. AND THEIR USE IN 
<s ial emphasis should be placed upon the 
Fr the old Roman aqueducts up to modern 
pu! and filter plants these plates show in 
gr jetail and with great clearness the develop- By H. H. RICcE, Wo. M. ToRRANCE, AND OTHERS 


me f the art of supplying water to municipali- 
ties In no volume with which the reviewer is 
far iar have so many interesting details been 
prov ht together for convenient use. The plates 
are  assified to correspond with the subdivisions 
of tie text. 
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The Tachymeter. 
Reviewed by Horace Andrews.* 

LE TACHEOMETRE.—And Its Applications to Land-Sur- 
yeying and to Railway Lines. By Joseph d'Angelo, 
Civil Engineer. Paris: Ch. Béranger. Paper; 6 x 
9, ins.; pp. 203; 164 illustrations in the text. 10 
francs; American price, $3. 

A tachymeter has been defined as a theodolite 
provided with arrangements for measuring both 
horizontal and vertical angles and also with a 
distance measurer in the telescope, and, generally, 
with a compass. 

A work of only 200 pages might be devoted to 
the theory, description and use of the tachymeter 
as thus defined. Mr. d’Angelo has, however, 
added to his work a concise and excellent descrip- 
tion of instruments employed in photographic 
map work and has treated extensively of tachy- 
meters that give horizontal and vertical distances 
automatically. Many of these seem more curious 
than useful. 

The book is full of interesting suggestions for 
the designer of instruments or for one formu- 
lating specifications for tachymeters. Italian in- 
struments are well described, illustrated and ad- 
vertised, especially those of Salmoiraghi, of Milan. 
Ignace Porro, a colonel of the Italian army, is 
accredited with being the first to render the 
tachymeter method of practical importance. 
Porro’s well-known device, which enables stadia 
measurements to start from the center of the 
instrument, through the insertion of an extra 
lens in the telescope, is very well and thoroughly 
described. 

The second and third chapters of the book, com- 
prising 38 pages, are devoted entirely to optics 
and a development and analysis of “Anallatisme,” 
or Porro’s device. 

The instruments described by the author have 
the circles divided on the centesimal system, their 
vertical circles indicate zero with pointing to the 
zenith. They have inverting, “anallatic,” tele- 
scopes, and the cross wires are lines cut on glass. 
All of these devices seem very practical and 
praiseworthy and would contribute to rapid and 
accurate work. The compass needle is frequently 
placed in a tube, thus giving the magnetic meri- 
dian only. 

It is to be regretted that the author has not 
made a distinction between tachymetry of the 
first and second class. Many details of instru- 
ments described would be useful only in first- 
class work, where high precision is sought rather 
than great speed. Powerful microscopes with a 
finely divided limb are one of the departures from 
usual construction that might be a desirable im- 
provement with instruments for all classes of 
hymetry. These microscopes read by estima- 
ion only, and not by micrometric screws. This 
iioprovement would add to convenience and 
‘pidity of reading and would relieve the eyes of 
the operator. 

To increase the precision of distance readings 
eticules with as many as 15 horizontal lines are 
described. These are used in groups and in the 
-hest. order of work it is designed that no less 


*Civil Engineer, 125 Lancaster 8t., Albany, N. Y. 
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concrete. 


HE two most important applications of concrete in building construction at 
the present day are, first, reinforced concrete and second, concrete block 
construction. Concerning the first,a vast amount of literature is available; and the 
engineer desiring information finds technical periodicals and proceedings of engineer- 
ing societies full of articles on reinforced concrete, while several excellent books are 
also available. Concerning the second, however, there has been an absolute dearth of 
literature, and at the same time there is a demand for information, which it is the 
object of the present book to supply. It is made up of a series of articles by different 
authors, being those submitted in competition for money prizes of $250 and $100 
offered jointly by ““ Engineering News’’ and‘ Cement Age,”’ of New York City. The 
two papers printed in full are those to whose authors the prizes were awarded; the 
abstracts that follow the second prize paper are those parts of the ten papers not 
awarded prizes that contained data not in the prize papers or that presented the same 
information in greater length or with more force. Altogether the papers and abstracts 
form a practical treatise on the manufacture of concrete blocks and their use in build- . 
ing construction that at present stands alone in the literature relating to cement and 


Cloth, 6xg inches, 130 pages, Illustrated. Price, $1.50, net 


THE ENGINEERING NEWS PUBLISHING COMPANY 
220 Broadway, New York 


than eight wires should be used. Confusion is 
lessened by the use of eye-pieces that allow only 
a few of the wires to be seen at one time. In 
general the usual three horizontal wires are all 
that are employed, with the important improve- 
ment in spacing due to the use of engraved lines. 
With Porro’s extra lens the constant multiplier, 
usually 100, is capable of rectification by a shift- 
ing of this “centralizing glass,’’ and it seems 
the author’s intention to secure thus an absolute 
adjustment. 

The work is notably deficient in its treatment 
of the reduction of vertical observations; neither 
the slide rule nor diagrams are mentioned for 
this purpose. - No tables of any kind are given 
in the book, though titles of books of tables are 
mentioned on the last page. The diagrams in 
the book are injudiciously reduced without proper 
preparation; in consequence the lettering has 
frequently to be sought for with a magnifying 
glass. 

Though the book abounds in useful informa- 
tion, this is not always germane to its subject, 
and often a deplorable amount of space Is given 
to matters that might well have been omitted; 
several pages of the last chapter, for example, 
treat of the choice of routes for railroads as 
controlled by commercial and strategical con- 
siderations. The use of the leveling instrument 
is described, while barometrical formulas are not 
omitted. A number of pages are devoted to tri- 
angulation, the distribution of errors, the de- 
termination of the meridian, etc. 

In view of the frequent appropriation of space 
for matters not properly coming within the field 
covered by his title, it is to be deplored that the 
author should give little or no information and 
should refer his readers to other treatises where 
his own explanations could have been included 
with great propriety. For example, the office 
work involved in the correction of co-ordinates 
obtained through traverse lines, is dismissed 


with two lines of explanation, and the reader is 
referred to another memoir, “on account of the 
author’s very restricted space.” 


Machine Shop Practice. 
Reviewed by Wm. W. Bird.* 


20TH CENTURY MACHINE SHOP PRACTICE.—By L. 
Elliott Brookes, Author of the ‘Automobile Hand- 
‘Practical Gas and Oil Engine Handbook,” 
and “The Calculation of Horsepower Made Easy.” 
The first part of this book is given up to 
arithmetic, geometry, mechanics, etc., and might 
properly be classed as a hand-book. The part 
devoted to machine tools is almost entirely de- 
scriptive and nearly all of it is but a reprint 
from numerous catalogues. What the author 
has to say on shop practice is more valuable 
and should be of interest to machinists. The 
author has tried to cover too much ground and 
the title of his book is altogether too ambitious. 
The book is well suited for young mechanics, but 
of little value to the manufacturer who wants to 
know what the twentieth century practice is to 
be. 


> 


THE RAILROAD MANUAL APPENDIX AND DIARY.— 
For the Use of tankers, Investors, Trust Institutions 
and Railroad Officials. Supplementing Poor's Manual 
of Railroads. Sixth Annual Number, February, 1906. 
New York: Poor’s Railroad Manual Co. London: 
oe Wilson. Flexible cloth; 6 x 9 ins.; pp. 


A bond list, dates of annual meetings, stock 
registrars, transfer agencies, dividends paid from 
1898 to 1905, railway statistics and a diary of 
annual meetings and dividend payments by 
months, days, etc., are given. Street as well as 
steam railways are included. 


*Professor of Mechanical Engineering and Diréctor 
of the Washburn Shops, Worcester Polytechnic Institute, 
Worcester, Mass. 
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THE VENTILATION, HEATING AND LIGHTING OF 
DWELLINGS. —By J. W. Thomas, 
Scientist in Ventilation and Heating, Author of “The 
Veutilation, Heating and Management of Churches 
and Public Buildings,”’ *‘Coal, Mine-Gases and Ven- 
tilation,’’ etc. London, New York and Bombay: 
Longmans, Green & Co. Cloth; 4% x 7% ins.; pp. 
284; 72 illustrations in the text. g 
So far as we remember, this is the only book 

on heating and ventilation yet published that is 

devoted particularly to dwellings. Much of the 
discussion is not applicable to American condi- 
tions, but on the whole the book contains a con- 
siderable amount of information which might be 
of direct benefit to engineers, architects and 
householders generally in almost any part of the 
world. In addition, much indirect benefit may 
be derived from the stimulus to thought afforded 
by the observations of the author on such natural 
phenomena as the movement of the wind, using 
that word broadly, and its relation to both ventil- 
ation and heating. Somewhat over half the space 
is devoted to the last two named subjects, and, 
considering the nationality of the author, fire- 
places and allied subjects receive particular con- 
sideration. There is a chapter of nearly 25-pages 
on smoky chimneys, and a chapter of nearly 
equal length on heating greenhouses and stables. 

Appendixes deal briefly with “Some Electrical 

Conditions of the Air,” present a few paragraphs 

and formulas on calculating the ventilating 

power of chimneys, give a table on the weight of 

100 cu. ft. of air of different temperatures, etc., 

and another table the velocity and force of wind. 

In a final appendix the author takes up in some 

detail a subject already treated in the body of 

the book, namely, “The Position of Inlets and 

Outlets” for ventilating purposes. 


> 


THE ADJUSTMENTS OF THE ENGINEER'S TRANSIT 
AND LEVEL.—By Howard C. Ives, C. E., Assistant 
Professor of Civil Engineering, University of Penn- 
sylvania. Second Edition. New York: John Wiley & 
Sons. London: Chapman & Hall, Ltd. Boards; 4% 
x 6% ins.; pp. 15; 11 figures in the text. 25 cts., net. 
These handy notes have been revised, the 

figures have been placed in the text and a sub- 

stantial binding has been adopted. 
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COMPRESSED AIR.—A Monthly Magazine Devoted to 
the Useful Applications of Compressed Air. Wm. 
Saunders, M. Am. Soc. C. E., Editor. Vol. XI., No. 
3; May, 1906. New York: The Kobbé Co, (90 West 
Broadway). Paper; 7% x 10 ins.; pp. 4,025 to 4,059; 
illustrated. $1 per year. 

This journal, for some time well-known in 
compressed air circles, has been enlarged to cor- 
respond with the growing field which it aims to 
cover. The number before us contains a variety 
of interesting articles, many of which are freely 
illustrated. The longer articles are reprints, but 
will be none the less valuable for those who do 
not see the originals. 


DIRECTORY OF DIRECTORS IN THE CITY OF NEW 
YORK.—New York: The Audit Co. of New York. 
Cloth; 5% x 8 ins.; pp. 1,017. $5. 


Some 24,000 names and addresses are given 
in this edition, together with the corporations 
which the various persons serve as directors or 
otherwise. The volume contains other useful in- 
formation. 


THE GROUND WATERS OF VERMONT FROM A 
CHEMICAL AND BACTERIOLOGICAL STAND- 
POINT.—By B. H. Stone, M. D., and C, P. Moat. 
(Reprinted from Annual Report of American Public 
Health Association.) Burlington, Vt.: The Authors. 
Paper; 6 x 9 ins.; pp. 8. 


Unusual interest centers in this short paper, 
since it-shows that of 1,783 samples of water 
from private wells and springs only 350 appeared 
to be normal as regards freedom from pollution, 
Moreover, the rural typhoid death rate in Ver- 
mont is higher than the urban and higher than 
the rural rate of any other New England State. 


THE AUTOMOBILE OFFICIAL A. A. A. BLUE BOOK.— 
1906. A Touring Guide to the best and most popular 
nell in the Eastern and Northern States, with @ 
Canadian Section. New York: The Class Journal 
Co. (Flatiron Building). Cloth; 5% x 9% Ins.; pp. 
782; numerous maps. 


This is a handy road, hotel and garage guide for 
automobilists. It would be of almost equal value 
to any class of travellers providing their own 
means of locomotion, except that its bulk and 
weight would render it inconvenient for bicyclers 
and impracticable for pedestrians. The tours in- 


cluded radiate outward from 5&4 centers of as 
many sections or districts. A full index is pro- 
vided. The numerous maps and the minute di- 
rections regarding forks, crossroads and the like 
are commendable, as is the book as a whole. 
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STANDARD REDUCTION FACTORS FOR GASES.—A 
Number of Tables Necessary for the Reduction of the 
Volume of Any Gas at Any Temperature, Pressure, 
and Degree of Saturation to Its uivalent Volume 
Under Standard Conditions, Together with a Table 
for the Numerical Solution of Certain Exponential 
Equations. By Helon Brooks MacFarland, 

M. M. E., Associate Professor of Applied Mechanics, 
Department of Mechanical Engineering, Armour Insti- 
tute of Technology, Chicago, Ill. New York: John 
Wiley & Sons. London: Cha & Hall 
Cloth; 5% x 9% ins.; pp. 54. 
The use of these tables, of standard factors 
makes the reduction of observed volumes of gas 
or air to equivalent volumes under standard con- 
ditions, simply a case of multiplication. As 
there is no generally accepted standard condi- 

tions, four tables are given, viz.: (1) 62° F., 30 

ins. mercury, (2) 82° F., 30 ins. mercury, (3) 0° 

C., 30 ins. mercury, (4) 0° C., 760 m. m., mercury, 

which are the results of the solution of the equa- 

PV Pps v, 
tion — = 
T Ts 
solution of exponential equations of the form 
Pp v" = pi vi. Factors are given when n has 
1 y¥—1 
the values y, —, y — 1, and ———, in which 


, together with tables for the 


7 
= 1.405 is the ratio of the two specific heats 
10 
of air, also the exponent — for adiabatic expan- 
9 


4 
sion and the exponent — for use when super- 
3 
heated steam expands from one volume to an- 
other. The solution of problems with the aid of 
these tables, therefore, eliminates the use of 
logarithms and reduces the number of operations 
to a minimum. 
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CITY ROADS AND PAVEMENTS.—Suited to Cities of 
Moderate Size. By William Pierson Judson, M. Am. 
Soc. C. E., M. Inst. C. E., etc. Third Edition, Re- 
vised. New York: The Engineering ag Publishing 
Co. London: Archibald Constable & Co., Ltd. Cloth; 
5% x 8% ins.; pp. 197; illustrated. $2; net. 


ELECTRIC RAILWAY TEST COMMISSION.—Report to 
the President of the Louisiana Purchase Exposition. 
Members of the Commission: J. G. White (Chairman), 
Geo. F. McCulloch, James H. McGraw, H. H. Vree- 
land, W. J. Wilgus. — png McGraw Publishing 
Co. Cloth; 6 x 9% in 
mostly in the text, 1 $6, n 


ELECTRICAL ENGINEERING IN THEORY aa PRAC- 
ag 3 —By G. D. Aspinwall Parr, M. Sc., M. I. 

M. I. Mech. E., Associate of the Central Technical 
College City and Guilds of London, Head of the Elec- 
trical Engineering Department, The University, Leeds. 
Lendon, Eng.: Macmillan & Co., Ltd. New bt 3 
The Macmillan Co, Cloth; 6 x 9 ins.; pp. 447; 
figures in the text. 12s., net; American price, $335, 
net. 

THE ELECTRICAL NATURE OF MATTER AND RADIO- 
ACTIVITY.—By Harry C. Jones, Professor of Physical 
Chemistry = the Johns Hopkins University. New 
York: D. Van Nostrand Co. Cloth; 5% x 8% ins.; pp. 
212. §$2. 

INDUSTRIAL FURNACES AND METHODS OF CON- 
TROL.—By Emilio Damour, Ingenieur Civil des Mines. 
Authorized Translation with Additions by A. L. J. 
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No set of back volumes of Engi- 
| neering News is complete with- 
out it. 
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